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C HAP T E R I. 
iNTRODUCTION: 
The existance of neutron Was first postulated 
by Rutherford in 1920, who predicted a particle of zero charge 
and mass approximately the same as that of a pro ton. As is now 
well known this particle was subsequently discovered through 
the researches of Po the and Becker (193J), Curie and Joli t (1931) 
and finally those of Chadwick (1932). Since then numerous workers, 
throughout the \!K)rld have studied the properties of neutrons. 
It soon became apparent that beoause of the zero charge neutrons 
are qui te sui ted to the study or nuclear reactions. 
Fermi and his collabora.tors (1934) were the first 
to study the capture of slow neutrons in their famous experiments 
in Rome. I tWas 0 bserved by thElll that the cro ss- section for 
the capture of slow neutrons Was very high as compared wi th that 
of the fast neutrons. This opened a wide field of research for' 
studying the phenomenon of neutron cap ture as \"re11 as the 
properties of the new isotopes thus formed. The Various types 
of reactiohs po ssi ble wi th fast or slO\17 neutrons are (n, Y), 
I (n,o<) , (n,n), (n,p), (n,2n) etc. The slow neutron: (n,"f) 
reactions are interesting for the understanding of the properties 
of nuclear levels. Brei t- Wi.gner single level formula holds true 
in thi s region for neutron resonance a bsorp tion and scattering 
and may be wri tten as: r S ,s 
~ /0( I , 
() (o(~ P) ~ (:.1-+-1) 7T "0< (~Q( _ totS)" + (f /)" 
S r:S 
where lis the angular momentum of the incident particle f; and p 
are the half level widths for the emission of particles 0( and t 
s 
respectively at resonance,r is the total level width at 
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resonance, EO(is the energy of the incident particle and Eocs 
is the resonance energy. 
By measuring the (n,1) cross-sections at different energies 
of the neutrons, it is pos-sible to find out the posi tion of 
the levels, their total widths and fi, where r; is the radiation 
Widths. The value of the radiation widths practically remains 
the same from one level to ano ther, in a single nucleus. Also 
the value of the radiation Widths vary only slightly from one: 
nucleus to another except at magic numbers where there are 
large discontinuities. The study of the (n,1) cross-section 
has revealed the law known as...l... law, \-lhich holds true in heavier 
v .. 
as well as in lighter elements, where vis the veloci ty of the 
incoming neutron. Only in a very few cases where the resonance 
lies very near to zero energy ei ther aoove it as in the Case 
IS7 
of Gd or below it as in the Case of Hg, does this law fail 
at low energies. The study of the slo\v neutron cross-section 
is also facinating for the understanding of magic neutron number 
and the nuclear level spacing. It is being concluded from the 
cross-section study that the magic neutron or proton numbers 
of the target nucleus are connected 'vi th abnormally large level 
spacing between the levels which are created in the neutron 
capture. The large .level spacing between the nuclear levels 
resul ts in a small capture cross- section. The measurements of 
Hughes and Sherman (1.950) of the capture cross-sections for 
neutron which have an average energy of aoout 1 Hev revealed 
the striking evidence of the effect of magic numbers on the 
(n,1) reaction. It is evident from their curve that nuclei With 
N=50, 82 and 126 have very small cross-sections than the 
3 
average value in the same region. The study of the neutron 
absorption cro ss- section finds an important application. in the 
construction and design of the reactors. Elements of hi gh 
absorption cross-sections are poison to the reactor and therefore 
have to be avoided during its construction. 
It is very difficult to draW a sharp boundry line between the 
energies of the various categories of neutrons, but the 
classification is generally based upon the fact that the 
interaction of the various classes of neutrons with nuclei 
as well as wi th the matter in bulk invo.l ve different types of 
phenomena. Also the method of detection as well as the method of 
production differs from one category to another. Table No.1 
shows the temperature and the wavelength associated with different 
energies of neutrons. 
Table No.1. 
1 f I f 
E(ev) t T (Ok) f . V(cm/Sec) f A (em) t Type 
r t t 
t ~ f 
.' 
t I 
-8 t 
0.001 t 11.6 ti 4. 37xlOLt f 9.04xlO I Cold neutrons. 
t. r, 
-~ • t S" Thermal neutrons 0.025 t 290 2.I5xlO t 1.8lxlO t 
• 4 
If t -~ f; 
" 
1.38xlO~ t- t, Resonance neutrons 1.0 II.16xlO 2.86xlO 
II t 11 II 
tl.16X:W' II I. 38x:W' It -1O II Slow neutrons. 100 2.86xlO 
t t 11 
-u I' 10'" tl.16xlO~ Ii 1.38xlO~ Il 2.86XlO (1 Intermediate energy 
tJ f· t. 
-12- I) neutrons. 
10' t 1.16xlO'o t 1.38xlO~ to 2.86xlO Ii Fast neutrons. 
t, 1/ 
-13 Ii 
10' t 1.I6x1011 t 1.28xlo'° I: 2. 79xlO 11 TIl tra fast neutrons. 
fI t r II 
II t; t 
•• 
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The various methods used for measuring the absorption 
cro ss- sections are the folloWing:-
(a) From total cro ss- section measurements. 
( b) Activation method. 
(c) Danger co-efficient method. 
(d) Pile oscillator method. 
(e) Hass- spectrometry method. 
(f) Diffusion method. 
lbm TotaJ. Cross-section Method: 
Some of the first absorption cross-sections were measured by 
measuring the total cross-section and subtracting from it the 
scattering cross-section. After collimating the beam of thermal 
neutrons for ensuring the conditions of good geometry, the total 
cro ss- section can ,be measured by the usual transmi ssion method. 
This method is useful when the value of the absorption, 
cross-section is quite high in comparision vrlth the scattering 
cro ss- section. Also the value of scattering cro ss- section should 
be kno'WIl qUi te precisely. To interpret the cross-section in the 
thermal region the substance also must 0 bey-l,.. law. The total 
v 
cro ss- section can be calculated from the knowledge of the counting 
rate wi th and Wi thout the sample in the beam. From each set of 
coun ting rate, the background 0 btained by inserting a cadmium 
sheet is to be subtracted. The total cross-section is then 
gi ven by the equation. 
IY\ (-}) - N· ~ . )( 
where T is the transmission through the sample, N is the number 
of atoms per em3 and Xis the thickness of the sample. The main 
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assumption is that the scattering cross-section remains constant 
through-out the thermal velocity distribution. Large sample 
.... 
thickness Will modify the spectrum of the incoming neutrons as 
i t penetrates the sample and the correction due to thi s effect 
is known as the "hardening correction" which has been studied 
in detaill by Bethe (1937). Normally transmi ssion close to 
50% is used for measuring the value 0 f~. 
Activation biethod: 
The activation method of measuring the thermal neutron 
cross-section Was first used by Fermi and his collaoorators 
(1936). By this method the absorption cro ss- section for a 
particular isotope can be measured provided the absorption of 
neutrons by this isotope leads us to a radioactive nuclei.,~ 
In case where an element has got a large number of stable isotopes 
and which are not available in the enriched form, this is the 
only method for mea suring the a bsorp tion cro ss- section for 
indiVidual isotopes. This method Was first used by Seaoorg and 
Livingood (1938) for the analysis of small amount of gallium 
in Iron. The first survey of the slow neutron absorption 
cro ss- section by thi s techni que was made by Rasetti (194.0), 
O'Neal and Goldhaber (1941), and Seren, Friedlander and 
Turkel (1947). Tobias and Dunn (1948) began to use activation 
by pile neutrons as a means of analyzing trace elements in 
biological tissue. Recently activation cross-sections with 
25 Kev neutrons were measured for a number of cases by 
Macklin et al (1957) using an Sb-Be neutron source. The 
disintegration rate at any time t after irradiation is 
6 
proportional to Nx, Oact and (nv) , where (nv) is the flux of 
the neutrons at the place of irradiation, Gact is the activation 
cross-section for the isotope whose cross-section we want to 
study. To this disintegration 
I 
At~ 
rate decay correction (e) and 
fluxes as tho se normally found in a pile. 
If we suppose that the number of activated atoms that will decay 
in time t is negligi ble, then after time t the number of 
acti vated atoms will of course, be gi ven by nv. Ox Nx. t, that 
is the activity will increase linearly vii th time. On the 0 ther 
hand if the activated atoms have a reasonably large radioactive 
decay constant A, then the decay of the activated atoms will 
decrease the rate of formation as time progresses. The number 
of the activated atoms present, N, will increase till the rate 
of radioactive decay, given by NA, is equal to the rate of its 
formation. 
WI. th further irradiation the number of the acti Va ted atoms will 
remain constant. The general equations for radioactive decay 
are discussed by Rutherford, Chadwick and Ellis (1930) and by 
Bi t t er (19 50) • 
The Danger Co-efficient Hethod: 
Thi s method Was fir st devi sed in order to measure the harmful 
effects Wi th respect to pile construction materials, such as 
graphi te, uranium and aluminium, and hence the procedure came' 
7 
to be called the "danger co-efficient" method of neutron 
absorption measurements. This method Was first reported by 
Anderson, Fermi, Wattenberg, Weil and 4inn (1947). The method 
is based upon the principle that the introq.uction of absorption 
material into the pile Causes a decrease in the pile reactiVity. 
If .the pile is operating at a constant power level measured by 
the flux of the neutrons, the insertion of the absorber will 
result in a gradual decrease in the flux; the effect of the 
absorber can be compensated by displacing the pile control rods 
by an amount sufficient to maintain the pile at· a constant 
power level. If the compensating motion of the control rods 
is cali brated against a series of absorbers of known absorption 
cross-section, the required motion of the control rod for an 
unknown absorber proVides a measure of the unknown absorption 
cross-section. The pile reactivity is more or less insensitive 
to the scattering properties of the absorber, even if the 
absorption cross-section is comparatively small. Due to the 
very small amount of the products of the particular absorbing 
reaction, they Will not effect the pile, so this method is a 
means of measuring the absorption cross-section for those cases 
which lead to a stable product nucleus or to a product nucleus; 
whose activity is difficult to observe. 
Thi s method has go t certain advantages as well as di sadvan tages 
when compared Wi th the activation method. The errors involved 
in the actiVation method arise from the lack of knowledge of 
the decay scheme and the internal conversions of the various 
Y-rays. But on the other hand the decay scheme does not effect 
the absorption, since the behaviour of the nucleus after the 
8 
absorption of the neutron has no effect on the result. One of 
the main advantages of the acti vation method is that neutron 
absorbing imp uri ti es have no effect in thi s case, because they 
Will not produce the particular actiVi ty of interest. ·On the 
other side slight impurities Will effect the result in the 
danger co-efficient method. An interesting example is niobium, 
who se cro ss- section Was measured as 0.1 barns ",1. th the activation · 
method. The danger co-efficeint method gave the value of the 
cro ss- section as 1.5 barns. Th1 s hi gh value Was fir st thought 
oft as due to impuri ties in nio bium. Extensive chemical 
purification of niobium reduced the value of cross-section to 
1.1 barns. Later on when the 'meta stable state in N~4 Was 
reported, the e:xisting discrepency between the two results Was: 
explained. It is worth while noting here" that activation method 
is the only method for the measurement of the cro ss- section 
for the production of an i someri c state. 
When a substance is introduced inside the pile, sometime 
instead of adjusting the control rods of the pile for bringing 
it to cricality that is k::::l.OO, it is easier to measure the 
reacti vi ty in terms of the period of the pile. The period of 
the slow fall in the reactivity is then measured by timing the 
rate of change of the pile power, which is usually done Wi th 
a sensi ti ve gal vanorneter connected to a ooron ioni zation chamber 
in the pile. The pile period is connected \d th the reactivity 
by the following equation, 
k - 1 
-3 
where 'to' is the neutron life time in the pile (to=l.4xlO secs). 
9 
Thus an excess reactiVity of one percent (k=l.Ol) leads to a 
period of 0.14 seconds. Knowing the pile period one can find the 
reactiVity of the pile and hence the absorption cross-section 
as d1 scussed aoove. Also in thi s method the sample must be spread 
over a sufficient area, such that the thickness is small as 
not to produce appreciable self-absorption. 
As the pressure rises the amount of ni trogen in the pile increases 
in case the pile is not sealed, and the react! vi ty decreases 
proportionately because of the absorption of the neutrons by 
ni tro gen. Thi s change in barometri cpressure, hence the change 
in reactivi ty, has a long period drift, and also has short 
Jl erio d irregular fluctuations. CoI'rections can be appli ed to 
the leng period drift, rut the short period barometric fluctuations 
can be compensated only by repeated determinations of the 
reacti vi ty, w:l. th and wi thout the sample in the pile. Wi. th the 
help of such rep eti tions the reacti vi ty can be measured \lJi th 
a sensitivity of 0.01 inhours. This sensitiVity approximately 
corresponds to a cro ss- section of 0.03 barns for a sample of 
one mole of the material. 
El1e Osclllator Hethod: 
The ul timate limi t of accuracy in the danger co-efficient method 
is set by the short period irregular fluctuations of the pile 
reacti Vi ty caused by changes in the barometric pressure. Also 
the period of the barometric fluctUations is smal,l as compared 
Wi th the time required for each reacti Vi ty measurement, and 
hence it is difficult to avoid the disturbing element of the 
barometric pressure. 
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Langsdorf (1948) made an attempt to increase the accuracy of 
the danger co-efficient method by sealing the various openings 
throu.gh the pile shi eld in order to (essen the changes in the 
pressure inside the pile. rut a careful study by Langsdorf 
revealed that the accuracy cannot be pushed much beyond 0.01 inhour. 
ObViously the next approach Was to perform the danger 
co-efficient measurements wi th greater speed by utilizing a 
so called "Swing" method, in which the sample 'VIas manually pushed 
into the pile and wi thdrawn on a rapid time schedule. The 
success of this method led Langsdorf ' to the development of the· 
pile oscillator as a means of making reacti Vi ty measurements ' 
wi th suffici ent rapidi ty so as to decrease the effect of random 
short term fluctuations in reacti Vi ty to as negligi ble an amount 
as po ssi ble. 
The method of measurements wi th the pile oscillator technique 
is the same as discussed in danger co-efficient method for the 
measurements of the absorp tion cro ss- section, as the ampli tude 
of the pile variation is strictly proportional to the neutron 
absorption of the sample. The posi tion and the extent of motion 
of the sample, as well as the po 51 tion 0 f the neutron detector 
used for the recording of the pile power ca,..T). all be varied as 
desired. It is this fact \'ihich is used to make the oscillator, 
technique sensi tive to various parts of the spectrum i.e. 
the thermal as well as the resonance part. Thus by 0 scillating 
the sample in the thermal region and detecting the 0 sCillation 
at some convenient near by point, the absorption cross-section 
due to thermal neutrons can be measured. On the other hand by 
covering the sample in cadmium tubing and 0 scillating it inside 
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the pile will give us the effect only due to resonance neutrons. 
The Oak Ridge pile oscillator is descri bed by Hover et al (1948). 
Ertand et al (1957) have found a phase difference 
bet''I'een the scattering si gnal caused by absorption relative to 
that produced by scattering. This kind of phase difference can 
be used in prinCiple to separate the two cross-sections that is 
absorp.tion and the scattering. The pile osc:j.llator method is 
quite accurate because the circuits are arranged to detect only 
that component of the pile power which oscillates wi th the 
period of the mechanical motion of the sample. The limi t of 
detecta bili ty of the pile 0 scillator is appro:ximately 0.0005 
inhours as compared to 0.01 inhour of the danger co-efficient 
method. ELements of low absorption and high scattering such as 
beryllium and graphi te cannot be accurately measured in the 
pile oscillator because of the large effect of the scattering 
and sloWing down. The absorption cross- sections for such 
materials are best studied by the diffusion method. 
Mass Spectrometrlc Method: 
If the absorption cro ss- section of an i so tope is very high, 
then by irradiating it for a suffici en tly lone time in the pile, . 
there Will be a small change in the quanti ty of that isotope 
which can be measured by a mass spectrometer. L~p, Van Horn, 
and Dempster were the first to use this method and showed 
,,,, IS'S" 'S1 
that the large absorption is due to 3m , Gel and Gel in samarium 
and Gadolinium respectively. The cross-section for the absorption 
It 
is measured by comparing the isotopiC ratio of the iso¥>pe 
under consideration before and after long irradiation. One of 
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the main disadvantages of the masS spectrometer method is that 
it measures the total cross- section for absorption instead of 
the individual (n,1) reaction. Thi s eli sadvan tage is al so there 
in the danger co-efficient and pile oscillator method. In masS; 
sp ectrometer method sometimes it is po ssi ble to measure the 
cro ss- section for a p articular reaction by studying the abundance 
of the daughter nucleus provided the cross-section for this 
reaction is extremely large so as to produce an appreciable amount 
to be detected by a mass spectrometer. 
DJ. ftu s10n Hetbp d : 
For substances whose absorption cross-section 1s extremely ~all, 
danger co-efficient method and pile oscillator methods are not 
a1 all suitable. In such cases the capture cross-section has 
been 0 btained by diffusion method. Carton, beryllium and deuterium 
I 
are some of the Cases in which capture cross-section is measured 
by diffusion method. The fund am en tal equation of diffusion in 
the steady stat{a is gi ven by el 'Yl f V2 r. - "* n + 'V = (If = Q 
where q is the r ,ate of production for thermal neutrons; per cubic 
" . ' 
centimeter, which tainlY arises from the slow.ing down of the 
fast neutrons, A is tJ{e scattering mean free path; 11" is the 
~ . 
pro ba bili ty of ab'sorp tid.tl.. per can timeter, vis the neutron 
veloci ty, v2" is the Lapla~ln of the neutron dens! ty distl'i rution. 
The equation 1s based upon)the follo\dng assumptions: 
(a) The absorption cross-s ctton 1sr-,,~ small, and in case it 
" is nQ~ then the complex tr sport theory ~ to be invoked, 
(b) The scattering of the rjentron is assumed'to be iso~piC, 
Which can be taken as appr!ximately correct,; (a) All the neutrons 
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are assumed to be of the same veloci ty, but in an actual 
experiment the entire maxwillian distri bution is present. A 
diffusion experiment consi sts mainly of a measurement of the 
Laplacian of the neutron distribution in a given geometry from 
which the Value of L (diffusion length) can be calculated, which 
is connected with the absorption cross-section through the equation 
L = (A~~)~l. = ~-:-I _-, ~ C~N:t~ ~)YA 
where N is the number of nuclei in one cm3 • 
Thermal Neutrons Cross-section for Isomers;: 
The study of the cross- section for the production of i somerie 
states is qUi te interesting from the po in t of vi ew of understanding 
of the transi tion pro baMli ty and also for the understanding 
of the various nuclear models. Moreover once the i someri c state 
has been produced then one can study the properties· of that 
state as such, that is the life- time, the typ e of the 'I -ray 
emi tted and their conversion co-efficients etc. In the present 
investi gation the cro ss- section for the production of a number 
of isomeric states has been measured by (n,Y) reaction, making 
irradiation in the thermal column as well as in the core of 
the swimming pool reactor at Trombay. Recently Cbldhaber (J.957) 
has gi ven a semi-empherical rule concerning the ratio of the 
isomeric trans! tion. The rule states, "The ratio of the 
cross- sections for the production of two isomeric states by slow 
neutron capture is such that the isomeric state with spin close 
to that of the compound nucleus is favoured It. Thi s rule has been 
verified for a number of cases and the spins of the certain 
isomeric states are also concluded. The study of the isomeric 
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cross-section is also interesting for the understanding of the 
shell structure of nucl ei, whi ch is based on the indep end en t 
,particle model as discussed by various workers; Haxel (1949), 
Mayer (1949), Feenberg (1949) and Nordheim (1949). 
In odd mass number nuclei, isomers occur predominantly just 
before the number of neutrons or protons, whichever is odd, 
reaches a magic number. The posi tions of these isomers just 
before the magic number is known as the tlIslands of isomers". 
On the basis of shell model it may be seen that the cases of 
1 somers of «11 = 4 or 5 may occur when one of the following 
transi tions takes place as shovlll in table no.2 
Table No.2 
No. Transition Type of Radiation 
1. 1 gy,,' ••••••••• 2 FV2. H~ 
2. 1 hllp .......... 2 d3/1 N'i 
3. 1 h 1'/1 •••••••••• 3 SY2 Es-
4. 1 i,¥2 •••••••••• 3 F?/,- Es-
5. 1 i 1'5/2.' ••••••••• 2 f~/t i N4 
That is from the shell structure no Hsor Eit type of transi tion 
are expected. Also this is true cit only for even-odd or odd-even 
nuclei. On the other hand no isomer is being found experimentally 
in which Mstype of radiation is given out. Five cases of Elf ha~~ 
4Ctm 93"'" '14M :J.l~W1 n"", 
been found so far i.e. Sc Ho In Fa and Nn • 
:1I 2.'!I '41 S, , 4<t 6s-' tt, 14~ U" "., 
en'W\ 
Except Mo all other cases of E~ are of odd-odd type. 
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en ... 
The case of Mo is due to the en stance of complex exci ted 
states in which the even pro ton as well as the odd neutron 
S-viMI ~ 
take part, and~~g referred as the Case of tlCore Isomerism tl 
by Goldhaber (1953). 
There are many cases of M4 as expected from the shell model 
and they all fall in one of the categori es of the transi tions 
indicated in table no.2. The total number of isomers which give 
rise to this transitions are about 45. 
~ 
The case of isomers for whichAI=3 occur when one of the foll~ing 
transi tions take place as computed on the shell model basis 
gi ven in table no.3. 
Table No,3 
No. Transi tion Type of Radiation 
1. I f?/1, • • • • • • • • • • 2 P'/:l, N3 
2. I gq/2 •••••••••• 2 P3/2 E~ 
3. 1 g "'/2. •••••••••• :t 1>'/2 C3 
4. 1 hlV2 •••••••••• 3 d 5"/,- E3 
5. 1 h~/2 •••••••••• 3 P~/l. M3 
6. 2 f'/2 •••••••••• 3 P,/'J. Ma 
7. 1 1 '~/"J. •••••••••• 2 1'1/2 Ea 
8. I 111/1 ••••••••• '. 3 as/1 M3 
It is found that all the experimentally observed E3 and 1-13 
type of transi tions fall in one of the aoove categories gi van 
in table no.3 
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There are about 36 isomer cases \v:b.ich give rise to E3 or M3 
type of radiation having CIife time ranging from 2.5 seconds' to . 
about 80 hours. The other cases of M. , E2" and M~ type of 
transitions are not of much interest since their lite time is' 
-6 -ct 
very small and ranges between Jj) to ill seconds, and hence 
their cro ss- sections are very di ffi cuI t to measure. 
17 
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C HAP T E R II. 
PrQcedure Qf CrQss- sectiQn Measurements: 
when a natural iSQtope captures a slow neutrQn, it fQrms a 
cQmpQund nucleus, who se exci tatiQn energy is equal to the binding 
energy Qf the neutrQn. The cQmpQund nucleus thus fQrmed ~ee-' 
-13 
decays to the grQund state in a time Qf the Qrder Qf 10 secQnds 
Qr SQ. The grQund state of the next iSQtope fQrmed by the capture 
Qf a slQW neutrQn is generally radiQ acti vee If the charge tQ 
mass ratiQ of these artificially produced radioactive iSQtope 
is too lQW fQr stabili ty, then it will emi t beta-particle, on the 
Qther hand if the charge tQ mass ratiQ is tQQ high fQr stabili ty, 
then it will decay by electrQn capture prQcess. The cQunting rate 
of the beta-particle or x-rays due to electrQn capture prQcess 
enables us tQ determine the nwnber Qf the neutrQns captured by a 
certain iSQtope. The disintegration rate.Qli frQm an irradiated 
dt 
substance at time t after irradiatiQn is given by the well known 
:z. 
equatiQn, 
-At, -At2 (sUi) = n~. oGGt . N . (,- e ) e dt t 1 . • • • • • • •• (1) 
where nv is the flux Qf the neutrQns at the place Qf irradiatiQn, 
Oact is the activatiQn crQss-sectiQn fQr the isotQpe under study, 
n is the tQtal nwnber Qf nuclei in the irradiated substance, 
A is the decay cQnstant and t, i s the time Qf irradiatiQn. Thus the 
measurement Qf Oact involves the measurement Qf nv, N and.!ili • 
AlSQ 
.Q.L:..Q-
dt GE 
dt 
••••••••••••••••••••• (2) 
where C is the counting rate as found experimentally; G is the 
Qver all efficiency fpctQr fQr the geQmetry used, and E is the 
ratiQ Qf the radiatiQns passing thrQugh the counter Qver the number 
Qf radiatiQns emitted by the substance, Which were heading 
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towards the detector. Every time geometry factor Was kept the 
Same. In case the radioactive substance formed is a beta-emi tter, 
-p. ... r1 
thenE is apparently given bye, where fm is the mass absorption 
co-efficient in cm2 /gm, and d is the effective thickness in gms/cm~ , 
which a beta-particle has to traverse before entering the counter. 
The value of d Was taken equal to the window thi ckness plus half 
the thickness of the foil. In come cases '\vhere the activity 
produced emi ts more than one p-particle, different Values of fm 
for each energy of p-particle 'vere used, taking into account the 
proper branching ratio of the '-particles. As for example, I"'''' 
emi ts three p-parti cles of energy I Hev (51%) Wi th fm::=.19 cm~/gm; 
~ 0.87 Nev (28 %) wi thfm = 23 em /gm and 0.60 Mev (21;&) Wi th 
f-m = 39 crt / gm. The percentage ratio of the p-particles is taken 
as given by Slatis, Toit and Siegbalm (1.950).Ein this case is taken 
-f~J. _2.~c( -~'Ie(, 
to be ...l... (51 e .... 28 e +21 e ). Seren, Friedlander and Turkel 
100 
(1947) used a single value of fm in such cases, which is not 
justifi ed. 
For finding the value of fro as a function of end energy of the 
60 
p-particles four standard beta sources i. e. Co (0.310 Hev) , 
~o4 1'0 .2.34 
TI CO.765 Mev), B.i (1.17 Mev) and Fa (2. 32 Mev) were taken. These 
sources were 0 btained from Baird- Atomi c Instrument Co, u. s. A. 
The experimental arrangement used for determining the value of the 
mass absorption co-efficient is shown in Fig.l. The end window 
p _ counter used Was constructed in the laooratory. The window of 
the p-counter was made of glass. The approx:tmate diameter of 
the window is about one inch. The standard beta sources were 
placed in the centre of a circular lead block such that a 
collimated beam of p-particles Was obtained. The counting rate 
from the p- source Was measured as a function of the thickness 
of the aluminium foils. This counting rate Was plotted on a 
semi-Iogari thmic graph as a function of the thickness of the 
aluminium foils in gms/crt for each standard J-r.ay source. The 
value of fm '\<las then determined by drawing the slope at zero 
thickness of the absorption curve as the f-particles in the early 
part of their range are absorbed exponentially. The values of fm 
so 0 btained were plo tted as a function of the end energy of the 
P -particles as shown in F'ig.2. The thickness of the window of the 
p -counter Was measured by making use of two standard p- sources 
231., ~o4 
Pa and T.I of the same size and using a similar geometry as shown 
in Fi g.l. The two standard cali brated sources were placed in 
exactly the same posi tion and their counting rate measured. Thus 
we have 
• • • • • • • • • • (3) 
where n. and n1 are the actual counting rate as found experimentally 
for source no.l and no.2 respectively. (No), and (No)l are the 
di sin tegration rates of sources no.l and no. 2 resp ecti vely. fm, and 
p.~ are the mass absorption co-efficients for the two sources 
respecti vely. t d
' 
in the above equation includes the thickness of 
the window of the p-counter plus the air gap between the source 
and the window of the counter. A curve was drawn between 'd ' and 
the distance of the ~ndow of the p-counter from the p-source 
as shown in figure 3. This curve was extrapolated for zero 
distance between the counter window and the source, the intercept 
on the Y-axis gives us the thickness of the \v:indo\y of the counter 
directly in gros/ crt • In certain cases of the measurements of 
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cro ss- section a metalli c beta- coun ter \<las used wi th a mica window. 
In this case the thickness of the mica window Was determined by 
means of an interferometer. In cases where the substances were 
available in powder form, the foils were made by sandwi tching 
uniformly the powder between two thin cello tapes on a well defined 
area. In the measurements which were mad~ 'Wi th the swimming pool 
reactor, the foils of the aoove type 'vere made after irradiating 
the substance. On the 0 ther hand in the few cases whi ch were done 
wi,th the sigma pile, the foils were first made and then the 
irradiations were done. The foils used had approximately half the 
area of the window of the p - counter, and were placed right at the 
centre of the window. Thi s kept G constant every time. Thickness 
of the foil Was measured by actual wei ghing and the diameter of 
foils used were aoout half the diameter of the window of the 
beta-counter. 
Manganese was used as the standard substance for the study of 
those Cases which werep-emitter. The absorption cross-section 
of manganese has been measured by various techniques, Harris et al 
(1950); Colmer and Littler (J950); and Pomerance (J95l) . The 
mean value of absorption cross-section Was taken equal to 13 barns. 
Using thi s value in equation no .1, the value of (nv) G Was determined, 
which Was further used for the measurement of the activation 
cro ss- section for 0 ther cases. 
Scintillation technique Was used in Cases where the radioactive 
substance formed by the capture of the neutrons ei ther decays by 
Y - ray emission or through electron capture process . A well type 
of N aI (TI) crystal of dimensions 1 . 75 inches di ameter, 2 inches 
.. height and 1 . 5 inches well , mounted on a 6292 Du- mount 
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photo-multiplier tube Was used as the detector. The crystal 
Was cleaned in a dry box and after cleaning, it Was sealed and 
then mounted on the photo-mul tiplier tube. The pulses from the 
photo-multiplier tube were fed through a cathode follower as 
shown in figure no. 4, to a single channel Y -ray sp ectrometer •• 
The spectrometer consists of linear amplifier (Atomic model 204 C), 
a single channel pulse-height analyzer (Atomic model 510) and 
a scaler. The crystal and the photo-multiplier tube were shielded 
in a lead house ef Wall thickness 10 em to reduce the background. 
Tho se samples which were available in the powder form were put 
in a very thin walled perspex tube for irradiation. The perspex 
Was chosen as the container material because it does not give 
rise to any activity after irradiation and also its absorption 
co-efficient for "'I-rays is very small and hence will not 
deform the spectrum. The tube containing the sample after 
irradiation Was placed in the centre of the well of Nar( TI) 
crystal and the spectrum Was studied. The amount of the sample 
taken in the perspex tube occupied only a small portion of it, 
which when placed in the well of the crystal occupied the same 
po si tion from Which the value of 'r' (the average path which 
a "'(-ray traverses in the crystal) Was calculated. The experimental 
arrangement for detection is also shown in figure no.4. The 
formulae used for measurement of the actiVation cross-section 
,''7 
is the same as discussed earlier. Au (JDO%) Was used as the 
standard substance whose thermal neutron cross-section is 
accurately known to be 98 barns as gi ven in AECD 2040 (1955) 
,etS 
report. Also Au emi ts a pure Y-ray of 0.412 lw1ev (,..,99%) whose 
internal conversion co-efficient is accurately known as given 
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by Strominger et a1 (1958). By comparing the disintegration rate 
lct8 
of the sample under study With that of Au ,it is possible to 
obtain the ratio of the ,two cro ss- sections. 
The disintegration rate from a particular substance is given by 
~ = Counting rate • -L • 
dt Detection efficiency G 
where Gis the overall geometry factor. In tho se cases where 
there is only one 'f-ray, the spectrum "vas dram and the total 
area under the spectrum gave the counting rate. In such Cases 
-PJt 
the effi ci ency of detection Was taken to be ( 1 - e ), wherefis 
the total linear absorption co-efficient of the particular Y-ray 
in the N aI (TI) crystal, and 1 r' is the effective path length of 
theY-ray inside the crystal. The value of 1 r' was found out by 
actually drawing various paths in the same plane through the 
centre of the crystal at an interval of ten degrees, and taking 
their aver ages. 
In those cases where more than one Y-ray is present it is better 
to use the area under the pho to-p eak for the p arti cUlar Y -ray 
for the co un ting rate. In such cases it is required to know the 
efficiency for the photo-peak. This was found out by the well. 
known method of taking the ratio of the areas under the photo-peak 
to the total area for t-rays of various energies, and then 
mul tiplying this ratio wi th the total efficiency for that 
particular Y-ray. To find out the ratio of the areas, as a 
function of the energy of the '(-rays, three standard sources i. e. 
137 J~~ .:to3 
Cs (0.661 Mev), AU (0.411 Mev) and Hg (0.279 Mev) were used. 
Figure no.5 shows the ratio of the areas as a function of the 
energy of the v-rays. 
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Sources of slow neutrons are generally deri ved from intermediate 
or high energy neutrons by allowing them to diffuse through a 
moderating material. Some of the cross-sections were measured 
vii th (Ra- Be) sources to check the overall technique of 
measurements . Afterwards when reactor irradiations became 
available, almo st all the interesting cases were done Wi th it. 
In the present case t'YJO (Ra- Be) sources of WO milli curi e each 
wer e used. As is well known that (Ra- Be) source emits neutrons 
of energy upto aoout 12 Mev, and they are produced by the 
following reactions:-
(a) Bi ... He~ 
4 2. 
( b) EeOc 'I 4 + 
......... • e) 
. . . . . . . . . . ~ 
The neutrons produced by the action of the 0( -particle on 
beryllium have moderately high energies, the minimum being 
5.76 Mev which is the Q value of the reaction. The low energy 
part of the spectrum of (Ra-Be) source is essentially due to 
the pho to-nuclear reaction gi ven in equation (b). The minimum 
energy of the Y-ray to bring aoout this reaction is 1.6 Mev. 
*8 
Jle formed in the pho to-nuclear reaction is hi ghly unstable and 
at once decays into two o(-partic1es. Different experiments have 
been performed for the production of slow neutrons from (Ra-Be) 
w4-S 
sources by Fink (1936) and Amaldi et al (1935). It 1-& found by 
these workers that by surrounding a (Ra-Be) source with 6 em 
radius paraffin cylinder wi th caroon around it, more slow neutrons 
may be obtained than from any other size of paraffin sphere. 
As slovJing down povler for paraffin is greater than that of 
graphite, therefore by surrounding the source with paraffin the 
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neutrons are first slowed down, but for slow neutrons the 
absorption cross-section is very large in paraffin as compared 
Wi th graphi te, that is why grapbi te is used as the moderator 
after the paraffin. The arrangement used for the irradiation 
of the foils is shown in figure no.6. Two (Ra-Be) sources each 
of strength 100 millicurie are kept at the centre of the paraffin 
sphere of 6.5 em in radius, which is further kept at the centre 
of a cubical graphi te block wi th each side equal to 62.5 ems. 
A pocket of size 10.5 em x 6.5 em x 3.0 em as sho'WIl in the 
figure Was buil t in the pile at a di stance of 11.5 em from 
(Ra-Be) source to facili tate irradiation of the foils and also 
to keep the place of irradiation exactly the Sallle in all the 
cases. It is well known that such a Sigma-pile contains a 
certain fraction of resonance neutrons besides the thermal 
neutrons. To take into account the effect of resonance neutrons 
usual cadmium ratio method was employed. By a preliminary 
experiment wi th managanese it is estimated that the resonanc& 
neutron flux at the pocket was aoout 7% of the total flux. 
Swimming Pool Reactor: 
Practically all the interesting cases of isomers were studied 
by producing them wi th the sWimming pool reactor at Trombay, 
Eombay. Figure no. 7 shows the plan of the reactor. It is a light 
water moderated enriched uranium assembly. The core of the 
reactor is made up of an array of fuel elements. The core is 
suspended in a water tank (28 x 10 x 28 ft) to a depth of 22 ft 
at specified po si tions shown in figure no. 7. The core structure 
can be moved into any of the three po si tions by means of a trolley 
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at the top of the reactor. The position of the core is fixed 
to aoout a millimeter or so, when it is brought into the 
position A from other positions Band C. For making irradiation 
in the core the po si tion of the place of irradiation is fixed, 
since the irradiating pipe is fixed \vi th the grid plate on which 
various fuel elements are placed. The spectrum of the neutrons 
in the core is not well knovm, but have energies ranging from 
o to 14 Mev having a manma at about 2.5 jyIev. By a prelimanry 
experiment the percentage of the resonance neutrons in the core 
1~7 
as found by Au Was determined to be 150, thus indicating that 
the contribution due to resonance neutrons Was very small. 
Once the reactor goes critical, the variation in power 
is less than O.l~g. Since the power of the reactor is measured 
by the flux of the neutrons with an ionization chamber, therefore 
the flux goes linearly wi th the power vJhich has also been 
s tudi ed by Ram ann a (19 57) • 
There is a beryllium oxide reflector on one side of the grid 
plate which help s to increase the flux of the neutrons keeping 
the same mass of the fuel elements. The mass of the fuel elements 
normally being used is 3.2 kilograms. 
The spectrum of the neutrons emerging from various moderators 
have been studied by Ram ann a (1958). The spectrum of neutrons 
in the thermal column is maxwellian having a manma at 0.0.25 eVe 
The cadmium ratio for the neutrons in the thermal column as 
measured by indium foils is aoout 200. At posi tion I At of the 
core the thermal column is available i"hich is 100 inches in 
length from the inner face to the outer end and is made of gr ap hi te 
of nuclear puri ty. It consists of three steps, the inner face 
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'being 48 inches square and 40 inches long, and the other two 
being 60 inches square and 30 inches long, and 72 inches square 
and 30 inches long respectively. In order to attenuate the 
radiations coming from the thermal column a large lead door is 
provided at its outer face which is I ft. in thickness. In the 
present case a special arrangement Was made by drilling a 
small hole slightly greater than the size of the perspex 
container at the end of the graphi te block of thickness 
30 inches from the lead shield. 
The placing or taking out the sample from the thermal column 
took a bou t 5 to 7 minutes and for that every time the reactor 
Was shut dow. 
VJhen the irradiations were made in the core of the pile the 
height of the sample in the irradiating pipe was exactly at the 
centre of the fuel elements, and its position was fixed to 
about a millimeter or so every time. The aluminium block attached 
to the oottom of the perspex sheet serves the purpose of making 
the whole arrangement heavy, so that when suspended in water 
it goes down immediately. The aluminium block rests on a small 
base at the end of the irradiating tube. The diameter of the 
aluminium block Was slightly less than the diameter of the 
irradiating tube, which ensured the 1" epro duci bili ty of geometry 
every time. Samples can be put or taken out of the core at any 
time while the reactor is on. It took about one minute to take 
the sample out of the irradiating tube. Therefore those cases 
in which the half-life of the radio active isotope produced by 
neu tron absorption Was small, were studied by making irradiation 
in the core. 
28 
Resonance Neutrons: 
The neutrons of intermediate energy that is from 0.4 ev to 
0.5 lv1 ev are generally referred to as the resonance neutrons. 
Their contri bution to the cross-section is sometime qUi te large 
as compared Wi th the thermal neutrons. The easiest method of 
finding the ratio of the thermal to the resonance flux is based 
upon the cadmium ratio method. Cadmium ratio is defined as: 
Rec{ =- 1 T thermal flux 
resonance flux 
Normally the thickness of the cadmium sheet used is about 
0.4 mm, whose cut-off value for . an isotropic flux of slow 
neutrons is approximately 0.4 ev as given by Hughes (1953). 
The actual cadmium ratio observed is a function of the 
sensi ti vi ty of the detector to the resonance and thermal neutrons 
and it do es no t lead us to the true value unless the sensi ti vi ty 
is known. The most convenient detector wi th a know energy 
Variation of sensi ti vi ty is a "..l... detector", in which the 
". 
sensi ti vi ty is inversely proportional to the neutron veloci ty. 
In the present case, the flux of the resonance neutrons in 
each case Was determined by taking the reading with and without 
cadmium cover for a particular acti vi ty. 
Frors in Activation Heasurements: 
The errors involved in aact will be due to the errors in the 
various quantities of equation no. (1) and (2). Errors in the 
counting rate C due to fluctuations in the electronic 
instruments, and the counter efficiency changes vlere estimated 
to be 1%. It Was felt justifiable to take into account no error 
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due to changes in the surrounding condi tions as they were kept 
the same throughout the experiment. Half-life wbich enters in 
the equation through the term-~~ Was actually measured with 
an estimated error of less than 10%, in troducing an error of 
" -~tl -At" 
about 216 in e • Most of the time, saturation factor (I-e) 
Was kept nearly uni ty which introduced practically no error 
in the final result. But in Cases the s~ple Was bombarded 
aoout two half-lives or so, the error in the saturation factor 
may amount to aoout 2 percent due to error in the half-life. 
The value of the mass absorption co-efficients for beta particles 
and Y-rays, and also the value of mean thickness for absorption 
are estimated to be correct upto 4% to gi ve us an error of 
aoout 3% in-~rnd. Error, if any, introduced due to the counting 
of the Y-rays by a beta counter should not exceed 1%, because 
the p-counter used had a sensi tivi ty to Y-rays of less than 1%. 
The error in the determination of the value of N (the number 
of nuclei) is expected to be much less than 1%, since the 
weighing Was done wi th an accuracy of 0.01 milligr~ in one gr~. 
The po si tion for irradiation Was fixed to aoout a millimeter 
every time and hence the error expected due to change of nux 
resul ting from the change of po si tion may ~ount to about 2%. 
In mo st of the cases where the spins and pari ties of the 
isomeric states were known, the conversion co-efficients were 
calculated from the table of Rose et al (1955). The error in 
the determination of the value of Ir., the effecti ve path length 
of a y-ray inside the crystal may be aoout 1%, which will 
in troduce an error of the same amount in the determination of 
the efficiency of the crystal for a particular Y-ray. 

Though cadmitun ratio method takes Care of mo st of the effect 
of resonance neutrons, yet a further correction is needed to 
take into account the fact that cadmium absorbs a small 
percentage of resonance neutrons also. This correction has been 
studied by Rush (1948), Kunstadter (1950) and Tittle (1951) 
in details. This correction amounts to aoout 3%, which when 
taken into ~ccount should leave back only a small error. For 
measurements made in the thermal column, where the cadmium ratio 
Was very high, correction due to resonance neutrons Was not applied. 
When a foil of appreCiable absorption cross-section is 
in troduced in a diffusing medium, it '\dll introduce a general 
depression in the neutron density around the foil. A theory for 
depression has been put forward by Ebthe (19&3) and verified 
by Tittle (1951), and Klema and Ritchie (1952). But apart from 
the above effect, one should also take into account the effect 
due to self-pro tection. T.hi s effect is there, because when a 
foil is exposed to neutrons the nuclei at the surface \ViII be 
in a higher nux as compared \Vi th tho se in the centre of the 
foil. Marshak (1947), and Plumber and LeWis (1955) have studied 
thi s effect for a sphere having dimensions small comp ared to 
the mean free path of neutrons in the diffusing medium, which 
is not applicable to our case. To study the above effect 
we irradiated a stack containing an odd number of indium foils 
at the usual place of irradiation in the sigma pile, the 
53 minutes saturation activity of the central foil Was studied 
as a function of the thickness of the stack. In figure no.8, 
curve C shows the relation between the saturation disintegration 
rate of the central foil and the total thickness of the stack 
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.1 in milligrams per cm • In the same figure curve A shows the 
effect due to depression. The latter curve is drawn from 
Eo the t s theory as gi ven by Ti ttle (1951) and is normali sed at 
.1 
a thi ckness of 289.2 mgms/ cm of the stack. Normally curve C 
con talns 00 th the depression and the self- pro tection effects. 
Therefore the difference curve B should gi ve only the 
self-protection effect. But as is clear from the aoove figure, 
ooth curve B and C falls wi thin the statistical fluctuation 
of the experimental points. The readings were also repeated 
for silver foils of the same area. From these tVA:) set of readings, 
curve B seemed to 0 bey a semi-empherical relation: 
R1 sintegratj,on rate of the foil for thi ckness X == l-KOaN 
Disintegration rate of the foil for zero thickness 
2-
where N is the total number of nuclei per em of the foil of 
thicftness x,6;,is the absorption cross-section for thermal 
neutrons, and K is a constant haVing the value 0.47±0.03. 
Wherever the value of the cross-section Was sufficiently high, 
the correction due to this effect was taken into account. 
10 
Study of B (n,oc) Li, Li reaction: 
*7 7 
A study of the reaction of slow neutrons wi th ooron is mo st 
important in neutron shi elds. As reported by Aj enberg and 
Lauri tsen (1952), the first level of Ll is at 0.478 }lev from 
its ground level. Poggild (1945) found that the value of the 
'0 ., 
relati ve probabili ty of the tY.O reactions B (n,o<) Li and 
/0 tt-7 B (n,Q<) Li is 6.25 percent. Hanna (1950) has reported the value 
of the branching ratio, that is the probability of the reaction 
going to the ground state as 5.8 percent. Guer and Lonchamp (1951) 
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from the 0 bservation of more than thirty thousands tracks in 
nuclear plates have reported the value of the branching ratio 
as 4.27 percent. Rhodes, Franzen and Staphens (1952) from the 
study of the ionization produced by the recoil particles of 
'0 7 transmutations B (n,ot) L1 , have found the value of the branching 
ratio as 6.3 percent. OWing to the difference in values of the 
branching ratio reported for slow neutrons its study Was thought 
worth while. 
Special attention should be paid to the construction of BF3 
10 7 *7 
proportional counters to study the reaction B (n,~) Li , L1 • 
The counters employed in this study have internal copper cathode 
of 1.35 inches in diameter wi th tungsten wire anode of 0.003 inch 
o diameter. After roasting the counters at 250 C for t'WO hours 
and removing the impuri ties from normal ooron trifluoride gas 
• 10 d! 1/ (18.8% B , 8l.2~ B ) by fractional distillation, the counters 
\vere filled at different pressures of BF3 and argon (spectrosco-
pi cally pure). The details of the purific.ation of BF3 gas are 
eli scussed by Nathur (1957). A hi gh pressure of BF3 i s desirable 
for high counting rate, but it is found in the present case 
that the pulse height resolution decreases as the pressure of 
I~ *7 
BF3 increases. The half-\ddth of the peak due to B (n,o<) L1 
reaction for counters filled wi th a pressure of 14.1 cm of 
Hg of ~ gas plus 5;4 ~' cnr of Hg of argon, and 35.6 cm of Hg of BF3 
gas plus 16.6 em of Hg of argon are 68.2 Kev and 254 Kev 
respecti vely. Also it is observed that the plateau length 
increases as the pressure of BF3 gas is decreased. The spread 
in pulse height di stri bution curve may be due to several 
reasons. When no impurities like, silicon terafluoride, hydrogen 
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fluoride etc . are present in ~ gas, that is when no electron 
capture and negative ion formation takes pl ace, the pulse-size 
should be independent of the distance of the track of O( - particle 
formation from the central lNire . In practice it is difficult 
to remove completely all the impuri ties from BFa gas, hence there 
will be some inherent spread in pulse height distri bution curve: 
wbi ch is due to sli ght impuri ti es present. The end effects, 
eccen tri ci ty of the anode wire, and the presence of some dust 
particles sticking on the central wire \v:ill all increase the 
spread in the pulse-size distribution curve. The last effect 
Was removed by flashing the central wire before filling. 
The geometrical arrangement of the neutron source and the counter 
used in the experiment are as follows: 
Slow neutrons were 0 btained from (Ra-Be) source placed inside 
a howi tzer. A cylinderical lead piece of 5 . 08 em in thickness 
and 6 . 34 cm in diameter is placed in the p ath of the neutrons 
inside the howitzer to keep the g~a ray flux minimum. A 
cylinderical paraffin block of diameter 6.3 cm and length 5 em 
Which acts as a moderator for fast neutrons is placed just 
after the lead block. The counter was placed in a cadmium tubing 
wi th ax! s parallel to the beam. 
The differential pulse heieht distribution curve for counter 
filled wi th a pressure of 14.1 em of Hg of BF3 gas and 5.4 em 
of Hg of argon is shown in figure no . 9 . The tv.o peaks arise 
from transi tions to the exci ted state and the ground state of 
the Ii thium nucleus. The Q value of the reaction leading to the 
exci ted and ground state is 2. 31 Hev and 2.79 Nev respectively. 
The branching ratio is found equal to 4. 0±o . 15 percent. \\hen 
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the front face of the counter vihich points to'l,vards the beam., is 
covered wi th a cadmium cap the branching ratio Was found to be 
10 
4 . 3to. l5 percent. KnoWing the total cross- section for B (n ,o<) 
reaction and with the help of the branching ratio for the same 
ener gy neutrons, the cro ss- sections for the individual reactions 
~ *7 ~ 7 
B (n,ex) L1 and B (n,o<.) Li respecti vely can be determined . 
The number of the electrons lost while they are travelling towards 
the anode Wire depends upon the puri ty of BF3 gas . If the ~as is 
sufficiently pure ( from the electro.- negative gases) then the 
probability of electron capture is small . The number of electrons 
lost also depends upon the characteristic of the counters i.e. 
the pressure, applied voltage and the radius of the cathode- and 
the anode wire. Bistline (~48) made an experimental determination 
of the electron loss in BF3 gas by comparing the pulse-size in 
BF3 to the pulse-size in argon produced by theO(- particle. The 
expression for the surviVal probabili ty S, that is the probabili ty 
that an electron produced at the counter wall reaches the 
central wire Was given by Cocconi et al ( ]951) . 
-2. 2. 2.:t bIG. S = exp ( 4 . 7 x lQ p Co - a) 10 ge ) 
2 V 
where pis the pressure of the BF3 gas in em of Hg, and V is the 
app l i ed voltage . The sur vi val pro bability of the electron given 
in the Ii terature are compared 'wi th the sur Vi val pro babili ty of 
the present counters as given in the table below. The result 
shows that BF3 gas is sufficiently free from impuri ties and hence 
the method adopted for purification of BF3is satisfactory. 
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Ta bIe: ,",,0 ~ 
Pressure of Cathode Anode Sur vi val 
Authors. BF3 in cm of Voltage di ameter diameter pro babili ty Hg. in em. in em. S 
Co cconi et al 101 4,2)0 1.0 0.004 0.6 
Bracci et al 
Type B 60 2,000 0.5 0.008 0.9 
Type C 60 3,2)0 1.0 0.008 0.8 
Ro ssi et a1 80.5 3,000 1.56 0.001 0.3 
Fowler, 
Tunnicliffe 60 3,2)0 2.5 0.002 0.1 
Yuan 50 2,000 2.0 0.004 0.3 
Sehgal -
(Present counters) 
Type A. 28.3 2,400 1.36 0.003 0.8 
Type B. 40.4 2,800 1.36 0.003 0.7 
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C HAP T E RIll. 
Calibration of the flux: 
For cali br~ting the flux of the neutrons at the place of 
irradiation in the thermal column, spectrographically pure Au197 
from Johnson Matthey & Co, (London) Was used as the standard 
substance wi th an absorption cro ss- section value of 98 barns, 
IHughes (1953)1. The disintegration rate of Au198 Was found in 
terms of the area under the total spectrum leaVing the k x-ray 
peak. Also the area Was normalised such that one centimeter along 
h-axis represents one volt and one centimeter along the y-axis 
represents one count. To this area various corrections discussed 
in Chapter II were applied. The Value of the internal conversion 
co-efficient for 412 KevY-rays was taken from the results of 
Simons (1952). The average mean free path f ht traversed by the-
Y-ray inside the crystal is 1.58 em. The time of irradiation 
Was measured from the instant the reactor becomes cri tical to 
the time when it Was shutdown. No correction is being appli ed 
for the time during which the power ri ses from zero to 100 
kilowatts, since this power rises exponentially and hence the 
correction in the time of irradiation is very small « l%). In 
order to get the co un ting rate at the instant the reactor Was 
shut down, decay correction to every reading Was applied, time-
being measured from the instant the reactor Was shut do\>m. 
The flux in the irradiation pipe in the core Was 
determined by irradiating another foil of Au197 for 10 minutes. 
The cadmium ratio for Au197 in the core Was determined to be 150. 
When the beryllium oxide reflector Was put in the core, the flux 
of the neutrons changed and therefore it Was again recali brated 
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Wi th another Au197 foil. Figure No.lO shows one of the spectrum 
of Au 198 • 
The activi ties which decay by the emission of beta particles 
'\vere all done in the thermal column. To find out the value of 
(nv) G Wi th a beta counter, manganese Was used as the standard 
substance, wi th a absorption cross-section value of 13 barns. 
During the course of the experiment the flux Was determined a 
number of times to check the stab'lli ty of the power as well as 
the detecting equipments. 
Au197 (n,Y) Au198 (T~=2.697 days). 
Counting rate/sec under the Whole spectrum I = 1.148 x 104 
a t zero time. I 
Internal conversion correction:; -r + eT -= 1.044 
Y 
Efficiency correction : 1 = 2.134 
1- ? 
Time of irradiation = 2 hours and 35 minutes. 
Saturation correction = 1. _ 38.0 
1 _ f}t,-
f'mel 
Absorption correction = llil · e - 1.134 
N 
l-lass of Gold - 0.4373 grams. 
Po'\ver of the reactor = 100 KW. 
(Nv) G = 8.44 x 106 • 
40 
(nv) G in the core as measured by Au197. 
(before putting the reflector) 
Counting rate/sec under the whole spectrum = 3.468 x 104 • 
In ternal conversion correction::: eT + Y ::: 1.044 
y 
Efficiency correction::: __ 1_-:-I~ 
-p.I( 
1 - e 
= 2.134 
Time of irradiation = JD minutes. 
Saturation correction = 1 ::: 564.65 
1 -Xt, 
- e 
Counting rate Was taken after 259 hours. 
>.t1 Decay correction = e = 15.98 
Absorp tion correction =-.J!Q :: e = 1.134 N 
Mass of Gold = 0.021206 grams . 
Power of the reactor ::: 100 KW. 
(nv) G = 1.25 x 1011 
inv) (} in the core as measured by Au 198 • 
(after putting the Boo reflector) 
ower of the reactor = 100 K'VI. 
(nv) G - 5.90 x 1011 
(nv) Gl in the thermal column as measured 'Wi th Mn55 
(after putting the reflector) 
Counting rate/sec measured "'Ii th t-counter ::: 38.7 
41 
Time of irradiation in thermal column:::: 3 hours & 4 minutes. 
Saturation correction :: 1.78 
Counting rate Was measured after 23.9 hours. 
Decay corr ection = 614. 
Absorption correction = 2.59 
Nass of Hn55 - 0.09222 grams . 
Po'wer of the reactor == 150 KW. 
8 .35 x 106 
Sbl 2l (n,Y) SbI2~n. 
Antimony has got two stable isotopes that is Sb12l (57.25%) 
and Sbl23 (42.75/~. In the present case we are interested in 
measuring the cross-section of the Sbl21 (n,Y) Sb122m reaction. 
Mateo sian, Goldhaber, Muehlhause and Mckeown (1947) observed 
a 3.5 minutes activity by bombarding antimony metal in the 
Argonne pile,. which they attri buted to the metastable state of 
Sb122, since thi s acti vi ty decays in to the 2.8 days acti vi ty 
of Sb122• The Same activity Was confirmed due to Sbl2~ by 
bombarding the enriched isotope Sb121 by l1ateosian and 
Goldhaber (1951). 
Lablanc, Cork and furson (1955) have gi ven the decay scheme at: 
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Sb122m and they report the half-life as 4.3 minutes. For 
measuring the aoove cro ss- section, JOM son and Hatthey 
spectrographically pure antimony sponge ''las tombarded in the 
core at 30 \1att power. Since the half-life 'vas small, therefore 
core irradiation Was preferred as compared to the thermal 
irradi ation. Figure No .11 shows the half-life curve of Sb122m 
excluding the contri bution of k x-ray. The half-life measured 
for Sb122m is 3.3 minutes. Sb122m decays by t\~ Y-rays of 
75.3 Kev (E3) and 60.7 Kev (M1). The contribution to the 
counting rate comes from the unconverted part of toth of these 
Y-rays. From the table of Rose (1955) for the internal 
conversion co-efficient, the ratio of the total disintegration 
to thti number of the unconverted Y-rays Was found to be 136.5 
and 5.75 for 75.3 Kev and 60.7 Kev "I-rays respectively. Since 
the two Y-rays are emitted in cascade we have 
Total counts (excluding theK x-ray contribution) 
_ G.~. 
dt 
EI + G..,QJL. €.l 
136.5 dt 5.7 
where Gis the geometry factor for the present arrangement, 
~,and flare efficiencies of detection of 75.3 Kev and 60.5 Kev 
Y -rays in the crystal, and...QJL is the di sin tegration rate 
dt 
of Sb122m • From the above equation it WaS found that the 
contri bution in the counting rate due to 60.5 Kev "I-ray is 
95.9%. By irradiating the same antimony sample in a cadmium 
cover of 0.4 rom thickness it Was found that the percentage 
of 3.3 minutes activity due to thermal neutron VIas 88.1%. 
Sb121 (.n,Y) Sb122m (Ty.2.= 3.3 minutes). 
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Counting rate/sec (excluding the k x-ray I - 163 6 
contri bution at zero time. I - · 
Percentage of covnting rate due to 60.5 Kev 'f-ray= 95.9% 
y + e T In ternal conversion correction for 60.5 Kev = =- 5.75 
Time of irradiation = 5 minutes. 
Saturation correction: 1 _ 1 54 
• 1 _ fi't, 
Efficiency correction _ 1 
Absorp tion correction _..1!Q. = 
- N 
fl...,d. 
e _ 14.8 
Mass of Antimony 0.1896 grams. 
(nv) G - 1.77 x ro8 
~ = 190 1- m milli barns 
"Y 
One minute acti vi ty in rubidium Was first reported by 
F1ammersfe1d (1951), who also found that this actiVity decays. 
by electron capture process. Further study made by Schwartz, 
Perlman and Bernstein (1953) assigned his actiVity to R'tf36m• 
They confirmed thi s activity due to Rb86m by bombarding equal 
amounts first of natural rubidium and then rubidium depleted 
in Rb85• They also found that the energy of the Y -ray is 
560±30 Kev, and showed that Rb86m decays by isomeric transition 
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in contrast to the electron capture process as reported 
earlier. Rb86 in the ground state has spin 2 and negati ve pari ty 
as reported by Goldhaber and Hill ( 1952) . For the first excited 
state of R't/36 , shell theory perm ts no uni que spin pari ty 
prediction, toth 6- and 5+would be possible corresponding to 
E4 and E3 transi tions respec ti vely. 
For the measurement of the atove cro ss- section, rubidium chloride' 
Was taken in the powder form and oombarded for t'WO minutes in 
the irradiating pipe in the core at a power level of 3J Watt 
only. The integrated counting rate Was plotted as a function 
of time on a semilogari thmic graph as shown in figure no. 12 .. 
The long life 17 minu tas acti vi ty due to R1f38 wi th T Yl = 0 . 88 
10104 'iu.b~t.).. . . 
minu tes~ . The integrated counting rate 1ITas taken from 3 volts 
onwards and the correction Was applied for counts from 
zero to 3 volts. The percentage of thermal neutrons giving 
ri se to RlJB6m act! vi ty Was found to be 76.6% by the usual 
cadmium ratio method. Al though the type of 560 Kev 'I-ray is 
not known but it can be ei ther Ea or' E4 . As the energy of the 
Y - ray is qUi te high, therefore the error introduced due to 
internal conversion co-efficient will be less than 2%, since 
ek = 1. 7 x ~2 ( for E4 transi tion) . y 
Co un ting rate/sec at zero time = 133. 9 
Time of irradiation = 2 minutes. 
Saturation correction = 1 1.26 
-Xc, :: 
1 - e; 
Efficiency correction :: 1 2.65 
-ftlt. -
1 - e 
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Absorp tion correction = No = 
N 
1.07 
Mass of rubidium chloride ::: 0.07035 grams. 
(nv) G = 8 1.77 x 10 • 
{l = 8.5 ± 2.0 milli barns 
Se 76(n, j) Se 77m & 
Spectrographically pure selenium metal shots were oombarded in 
the irradiation pipe in the core for five minutes at a pO 'wer 
level of 3J vlatts only and the spectrum WaS studied in parts. 
It took It minutes to take out the sample from the core and 
to start the reading. The to tal in tegrated counting rate from 
1 vol t Was plotted as a function of time on a semi-Iogari thmic 
graph as shown in figure ~o .13. The background activity due to 
Se8lm ( T~:::: 57 minutes) Was subtracted from the main c'urve since: 
Se8l (T'I:1=" 18 minutes) did not give any "'(-ray. The resultant' 
activi ty given by curve B consists of two activi ties one of 
3.64 minuteo/~he other of short half-life. ~lJ'hen the background of 
3.64 minutes activi ty Was subtracted, a short life time activi ty 
of 16.9 seconds Was obtained Which Was attributed to Se77m• 
The percentage of thermal neutron Was found by oombarding another 
sample wi th and \oJi thou t the cadmium cover of thickness 0.4 mm. 
The decay scheme of Se77m, Se79m and the value of the conVersion 
co-efficient of 96 Kev 'I-ray is taken from the table of iso'OOpe' 
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by Strominger, Hollander and Seaberg (1958). Internal conversion 
co-efficient of 160 Kev i-ray due to the decay of Se77m vIas 
calculated from the conversion co-efficient table of Rose. 
Co un ting rate/sec at zero time ~ 196.0 
In ternal conversion correction::: "{ +- e T ;: 13. ~ 
"( 
Effi ci ency correction := 1 
Time of irradiation :: 5 minutes 
Saturation correction 1 1.63 ::: 
-).t ::: 
1 - e ' 
Absorption correction No fmd 1.17 ::: -,q- :: e. ~ 
Percentage of thermal neutrons ::: 95.4% 
Hass of Selenium ::: 0.1239 grams 
(nv)G = 1.77 x ]D8 
lJ = 13.J± 25 milli barns 
Counting rate/sec at 2 minutes after irradiation ~ 281.5 
In ternal conver sion correction:: ., + eT ;::: 2.92 
Y 
Efficiency correction ::: ----1--~ft ~ 1.07 
1 - e·fl-
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Time of irradiation :;; 5 minutes 
Saturatian correction =. 1 
Decay correction = ~ 
N = 
::::. 115. 58 
Absorp tion correction :::.J!Q. =:: 1. 29 
N 
Mass of Selenium ". 0 . 1239 grams . 
(nv) G := 1 . 77 x 108 
() :::: 111:3 barns 
Ba136 (n, Y) Ba137m• 
. 136 137m The cro ss- sect~on for Ba (n , r) Ba reaction WaS measured 
by bombarding BaCo3 in the core at 30 watts only. The 2. 6 minutes 
acti vi ty due to Ba137m Was studi ed and fi gure no . 14 shows the 
decay curve of Ba137m• This decay curve Was drawn for the 
integrated counting rate from 6 volts onwards . For measuring 
the counting rate from 0 to 6 volts, a standard cesium source 
( "I- ray energy of 0 . 662 Hev) Was taken and after draWing the 
spectrum the percentage of contri bution from 0 to 6 volts was 
determined excluding the contri bution due to k x- ray. Thus the' 
correction to the co un ting rate from zero to 6 volts ">/as applied . 
The natural abundance of Bal36 is taken to be 8 . 1% as given by 
Akishin et al ( 1956) . The value of the half- life used for 
calculating of cross-section is 2. 6 minutes . 
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Ba136 (n ,"f ) Ba137m (Tv;t.== 2.60 minutes). 
Co un ting rate/sec at zero time (under the whole spectrum)::: 13.9 
Time of irradiation == 5 minutes. 
Saturation correction __ 1 1 36 
---->.~t~1 ~ • 
1 - e 
In ternal conver sion correction :: i + e T = 1.12 
"'( 
Efficiency correction = --l-_"7'lprr/f = 2.88 
1 - e fmd 
Absorption correction -.Ji2. = e- = 1.10 
- N 
Mass of BaCo3 = 0.0962 grams. 
8 (nv) G ::. 1.77 x 10 
(j" = 16 + 3 milli barns 
Ba132(n,l') Ba133m & Ba134(n, Y) Ba135m• 
Barium has got seven stable isotopes. For studying the above 
cross-sections, spectrographically pure BaCo3 Was taken in a 
thin-Walled perspex tube and irradiation Was done in the 
thermal column for 5 hours at 150 KW power. After Ba137m WaS 
allowed to decaY, the activity due to Ba133m and Ba135m was 
extremely low. A weighted amount of BaCo3 Was therefore 
irradiated in the core for 15 minutes at 150 KW power of the 
reactor. The short life activi ties due to Ba137m (TV~::; 2.6 minutes) 
and Bal39 (T~ = 85 minutes) were allowed to decay fir st and then 
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the spectrv~ were taken on different days . The area under the 
pho to- peak of 276 Kev 'i- ray Was plo tted as a function of time 
on a semi- logarithmic graph as shown in figure no . 15, while 
finding the area under 276 Kev pho to- p eak, the resolution Was 
determined by the lIJE law from the resolution of 1-ray from 
A,u198 CO. 4l2 Hev) . The long life activity due to Ba13lCTY:z.=12 days ) 
Was subtracted from the curve giving us an activity of 
36 . 7 hours which Was associated with Ba133m• No measurable 
acti vi ty of ::28 hours Was found as seen from figure no . IS, 
therefore an upper limi t to the cross- section for the reaction 
Bal34Cn ;Y) Ba135m Was determined to be f{) milli barns . 
For measuring the Ba132(n , i) Ba133m cross- section, the percentage 
abundance of Ba:132 is taken 0 . 19% as given by Akishin et al 
( 1956) instead of 0 . 097% as g:i. ven by Ni er ( 19::8) . The value of 
internal conversion co- efficient is taken from the results of 
Hill ( 1951) and Cork ( 1941) respectively. Cadmium ratio Was 
determined by bombarding another sample in a cadmium container 
of thickness 0 . 4 mm . 
Ba132 (n ,t) Ba133m 
Counting rate/sec under the photo- peak at 276 Kev i- rayl
l
;: 204. 0 
at zero time . 
Percentage of activity due to thermal neutron = 91% 
Absorption correction::.J'iQ. ;: 
N 
f,., d 
e. ::=; 1. 26 
Photo-efficiency correction: 1 ::: 2 . 19 
1 _ -e}4h-
Internal conversion correction:: t + e T :' 4.93 
Y 
Time of irradiation :: 15 minutes 
Saturation correction = 1 217.3 = 
-If'. 
1 - e 
Mass of BaO:> 3 = 0 .. 13325 grams. 
Number of nuclei of Ba132 = 7.714 x 10 17 
Cnv) G = 1.87 x 1011. 
():: 4.1 :t 1. 2 barns 
0<:50 milli barns 
Palladium has got six stable isotopes. For studying the 
cro ss- section for the above reaction, palladium metal foil of 
thickness 0.001 inches Was taken and irradiation were made in 
the thermal column for two hours so as to saturate this activity. 
The half-life of Pd109m found vias 4.8 rrdnutes. After irradiation, 
the sp ectrum of the emi tted 190 Kev Y -ray due to Pd109m WaS 
drawn immediately, then this activity \Vas allowed to decay 
for 40 minutes and the spectrum again redrawn. From these two 
sets of readings the co un ting rate due to 190 Kev Y-ray Was 
found out after applying the decay correction to the second 
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set of readings . Fi gure no . 16 sbo\vs the half- life curve of 
Pdl09m actiVity. This curve Was drawn by accepting pulses 
between 14 and 15 vol ts . The value of internal conversion 
co- efficient for 190 Kev Y- ray is taken from the results of 
Flammer sfeld ( 1952) . The cro ss- section Was measured independently 
by two different foils and a mean value of 160r 40 millibarns 
WaS 0 btained for the aoove reaction . 
Pd 108 Cn ,1" ) Pd109m ( T'G :: 4 . 8 minutes) . 
=== 
Counting rate/sec at zero time under the photo-peak ~ = 135. 47 
for one foil . It 
Pho to- effi ci ency correction = _ _ 1---::-:-:- ~ 
- fIflr 
1 - e 
Internal conversion correction 'f + e T 
= = 
'Y 
Saturation correction = 1 1 
- ",t, -
1 - e. J. 
Absorption correction = No =~", == 
N 
1. 08 
l-1ass of Palladium foil = 0 . 0617 grams . 
(nv) G = 8 . 44 x 106 
(j' = 260 ± 40 mi lli barn s ' 
1 •. 6 
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.l"Q l08(n,1) .t'u109 , Pd llC (n,"I) Pd l1l & PdllO (n,t) Pdl1lm 
108 109 The ero ss- section for Pd (n,Y) Pd reaction Was measured be th 
by scintillation technique as well as \d th the end Window'-counte 
For measuring the cross-section Wi th the scintillation cOl.Ulter, 
it is assumed that every disintegration of Pd109level give rise to 
a Y-ray of energy 88 Kev. Figure no .17B ShovlS the spectrum ' of 
88 Kev i-ray. The value of the internal conversion co-efficient 
of thi s "I-ray is measured by Siegbahn at a1 (1949). As the 
half-life of Pd109is very large (TY;z.=13.5 hours) in comparison With 
the half-life of . 88 Kev Y -ray (Ag109m, Ty:A.::: 40 seconds), therefore 
it will not interfere in the measurement of the cross-section. 
The small difference in value in the ero ss- section calculated 
by scintillation counter and p-counter is due to the fact, 
that in the former case it is assumed that every disintegration 
of Pd109 gives one "I-ray of 88 Kev energy, which may not be 
true since the decay scheme of Pd 109 is no t prop erly known. 
Fi gure no .17 A shows the decay curve of palladium as 0 btained 
wi th an end Window beta-counter of mica window having a thickness 
of 1.92 m~cm2 • As is clear from the decay curve there are 
two '-activities of 23.6 minutes and 13.5 bours half-lives 
III 109 
corresponding to Pd and Pd resp ecti vely. No beta activity 
of 5.5 hour half-life Was observed as reported by Meginnis (1952) 
due to Pd1llm• Assuming that the decay scheme given by Meginnis 
(1952) is correct it is possible that the cross-section 
f'or the production of Pd11lmby (n, i) reaction i 5 very small. 
An upp er limi t to the Pd lolO (n;i) Pd lllmero 5S- see tion is found 
to be 50 milli barns by assuming that the energy of the 
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beta particle from Pd llJm is approximately the same as that 
gi Yen by Pd111• 
1:d108 Cn,f)Pd 109 ( with scintillation spectrometer) (T)s.=-- 13. 5 hours) 
Count s/ sec at zero time under the photo- peak ~ 151. 6 
Time of irradiation in ther mal column = 4 hours·. 
Saturation correction = ____ l __ ~ := 
- >.t l 
1 - e 
5 . 37 
In ternal conver sion corr ection 
Photo- efficiency correction ::: __ 1_~~ 
1 _ - j-rh :: 1. 09 
jimd 
e': ::: Absorption correction No 
= ----- = 1. 14 N 
Mass of palladium = 0 . 0617 grams . 
6 (nv) G = 8 . 44 x ill 
()::: 12. 6 ± 2. 0 barns . 
p'd108 (n ,t) Pd109 ( wi th p- counter) ( T~:l:= 13. 5 hour s) 
Co un ts/ s ec at zero time ::: 144. 3 
Time of i r radiation in the thermal column =62 minutes 
Saturation correction ::: 1 = 19 . 34 
- >.t. 
1 - e; p,.,d 
Absorption correction _ ~ = e :: 1. 72 
- N 
Mass of palladium foil ::: 0 . 02552 grams 
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(nv)G "= 8.35 x 106 
~ :: 15.4 ± 2.6 barns. 
Ivlean value: 0-:: 14.0:t 2.5 barns 
Ed 110 (n,)') Pd III (Tya,: 23.6 minutes). 
Co'un t sl sec a t zero time = 20 .9 
Time of irradiation in thermal column = 62 minutes 
Saturation correction ~ 1 == 1.19 
-At. 
Absorption 
1 - e J N j-tmfN 
correction;:: ~ == e ; 1.24 
N 
l'1ass of palladium foil == 0.02552 grams . 
(nv)G = 8 .35 x 106 
(j' = 190 ± 60 milli barns 
Pd llO (n,)) Pdlllm 
t:r < 50 milli barns 
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Hg199m so far has been produced by the folloWing reactions, 
I (<<, n) by Sherr and Bainbridge (1941), (n,2n) and (n,n) by 
Bergstan and ThUlin (1.949); (d,p) by Krishnan and N~um (1940); 
(i,n) by Mock et a1 (1.948); and (t,i) by \\U and Friedlander 
(1941). In the present case Hg199m has been produced by (n,i) 
reaction for the fir st time, and its cro ss- section is being 
measured by making irradiation in the thermal column. Since 
the value of the cross-section for the production of Hg199m is 
small, therefore the half-life Was also measured separately 
by making a short time irradiation in the core. The half-life 
of Hg199m thus measured is 45:t 2 minutes. 
H~199m decays by the emission of 368 Kev and 158 Kev 1-rays 
in cascade. As 368 Kev Y-ray is strongly internally converted, 
therefore the cross-section Was measured by taking the 
photo-area under 158 Kev "I-ray. The 0 bserved photo-peak at 
alx>ut 160 Kev also consists of due to the disintegration of 
Hg197m• The con tri bu tion due to the long life time actiVity 
due to Hg197m Was separated by draWing the decay curves. 
Fi gure no.18 shows the decay curve 0 f Hg199m when the counts 
were taken under the photo-peak of 158 Kev Y-ray and the 
i irradiation made in the thermal column. As the spins and par"ties 
of the various levels are completely known, the value of the 
internal conversion co-efficient were calculated from the 
table of Rose. 
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198 199m Hg (n,1) Hg (T~:a.;:: 46.6 minutes) 
Counts/sec under the 158 Kev photo-peakl __ t I 15.0 a zero time. . 
Internal conversion co-efficient t+ e T 
= -----)' :: 2.47 
Photo-efficiency correction = __ 1_~~= 1.20 
-ppJc. 
1 - e 
Time of irradiation::: 3.15 hours 
Saturation correction 
Absorp tion correction 
1 _ 1.05 
- 1 _ en, -
IJmd N ,I 
=...:lL. ': e: == 2.42 
N 
Mass of HgO = 0.53982 grams. 
Number of nuclei of Hg198= 1.5 x 1020 
0= JB:t 6 milli barns 
* The compound nucleus H~197formed by the capture of the neutron 
by Hg196can decay to one of the following states: 
(a) the ground state (b) the first excited state at 158 Kev 
(c) the isomeric state at 526 Kev. Since the half-life of first 
-9 
exci ted state is very small (Ty.t = 8 x 10 secs.), therefore the 
observed cro ss- section for the 65 hour activity consi sts of the 
sum 0 f the cro ss- section for Hg196 (n, Y) Hg197 and the 
cro 5S- section for the production of the first exci ted state. 
The decay scheme and the value of the internal conversion 
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co- effi ci en ts of various "(-rays are taken from Strom1nger, 
Hollander and Seaborg (1958). For studying the above 
cro ss- section spectro gr apbically standa_rdi sed mercuri c oxide 
is bombarded in the thermal column of the reactor for 3.68 hours 
at 100 KW power. The spectrum Was drawn after more than two 
hours such that the activity due to Hg199m decayed. The spectrum 
~ Was also taken on the next daY, and thus "the two spectrums 
area due to 24 hours activity in the 133 Kev peak Was determined 
by the following equation: 
No Nt- N:4 :; -~, -n;: 
e- - e 
where No is the counting rate at the instant the reactor is 
shut down, Nland N2 are coWlting rate at time tland t2 
resp ecti vely where tland t2are measured from the instant the 
reactor is shut down. Figure no. 19 shows the spectrum of H,197m. 
The broad photo-peak at 133 Kev is due to the unconverted part 
of 133 Kev y-ray and 164 Kev "'I-ray. Since 164 Kev t-ray is 
highly converted therefore its contribution in the photo-peak 
is small. For 164 Kev 1-ray the ratio of the total number of 
di sin tegration of the level giving ri se to thi s "I-ray over 
its unconverted part is 21.7. Also the efficiency of detection 
of 164 Kev is 0.932. The ratio of the area under the pho to-peak 
to the total area is 0.87 for this "i-ray. Therefore one 
disintegration of Hg197m level giving 164 Kev i-ray contributes 
0.0373 counts towards the photo-peak. Normalising for Wlit 
absorption of this i-ray the contribution towards the photo-peak 
due to one disintegration of this y-ray becomes 0,0373 ;:::0.0165. 
2.254 
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Similarly corresponding to one eli sintegration of the level 
gi Ving rise to 133 Kev Y-ray, the contri bution in the photo-peak 
after normalising for unit absorption is given by ~ == 0.066. 
4.39 
Thus in the pho to-peak at 133 Kev, the percentage of area 
due to 133 Kev "'I-ray is equal to 80%. The values of fm for 
various energies of l'-rays are taken from the table given in 
"Beta gamma spectro scopy". The value of the cro ss- section for 
Hg196 (n,1) Hg197m reaction measured either from 164 Kev and 
133 Kev 'I-rays is 400 barns. Since 3% of the transi tion from 
Hg197m takes place by electron cap ture pro cess, therefore 
the true value of the cross-section for Hg196 (n,t) Hg197m 
comes out 420 ± 100 barns. 
The cross-section for H,,196 (n,1) Hg19? Was measured from the 
photo-peak at 69 Kev. The contribution in this peak comes 
from the K-shell conversion of 133 Kev i-ray, 164 Kev i-ray 
and the Wlconverted part of 77 Kev Y-ray. Also the contri bution 
of K x-ray due to electron capture Will be in this peak. 
KnoWing the cross-section f6r Bg196 (n,1) Hg197m reaction and 
the K-shell internal conversion co-efficient for 133 Kev and 
164 Kev Y'-rays, the con tr1 bu tion in the K x-ray peak at 69 Kev 
Was found to be ro.6%. The remaining 69.4% area under this 
peak is due to the disintegration of Hg197 level which is 
contributed both by electron capture process and the unconverted. 
77 Kev 'I-ray. By a similar process as descri bed before the 
p ercen tage of con tri bu tion due to the unconverted part of 
77 Kev "I-ray Was found to be 28.2% and that due to electron 
capture as 71.8%. The ratio of L capture to the K capture 
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is, taken as 0.15 as given by Rose and Jackson (1949). During 
the time HgO Was irradiated in the thermal column, H~197 level 
Was populated by two processes, 
(a) directly by the reaction Hg196 (n,i) Hg197 (b) by the 
decay of the Hg197m level. For the measurement of the 
cro ss- section for the reaction Hg196 (n, i) Hg197, the 
contri bution due to the decay of Hg197m level into Hi197 level 
Was taken into account. 
The 0 bserved disintegration rate of Hg197 level at any time 
t after irradiation is given by the follow.ing equation: 
Where Nbo is the number of nuclei in the level Hg197m at the 
time Hg Was removed from the thermal column of the reactor, 
N2 1 s the number of nuclei in the level Hg197 at any time 
t after irradiation. 
Sol Ving equation no. (1) under the boundry condi tion that 
at time t:o ; N2 = N2,o 
we get 
Thus kno Wing the 0 bs arved di sin tegr a tion rate 0 f Hg197 at any 
time t after irradiation, we can find the value of (~lN2,o ) 1.a. 
the true disintegration rate at the time the sample was 
removed from the thermal column. The value of (A:tN2,o ) obtained 
in the present case is 641.7. To this disintegration rate 
further correction due to the decay of Hg197m into Hg197 while 
the sample Was being irradiated Was applied as discussed below. 
60 
Suppose at any time t during irradiation, Nl and N2 represents 
the number of nuclei present in the levels Hg197m and Hg197 
resp ecti vely, 
Then •••••••• (3) 
where Be =- (nv)N Oj' , (nv) is the flux of the neutrons, N is the 
number of nuclei of Hg196 present in the sample and ~ is the 
cross-section for the production of the isomeric state which 
i s be1n~ di scussed earlier and is known. Again at time t the 
number of nuclei N2 in the level Hg197 is given by the follow.lnc 
equation: 
•••••••• 
(4) 
I 
where Ra = (nv)N 5i , A,and A1 are the decay constant for 
Hg197m and Hc197 respectively. 
Sol Ving equation no. (4) 
\ R A - Xlt ) -A t 
we get N2 1\.l. ~B... -'"O .l. e +'- Rp -..lL- ~l..e'- .... (5) 
}..2 - ~\ \: Al. - A\ A~ 
I 
where B = Ro-tRo • KnoWin, the disintegration rate N2 X:l0f H,197 
level, the value of 62. Was determined from equation No. (5). 
Total counts/sec under the photo-peak of 133 Kev Y-ray _ 62.6 
Percenta,e of area due to 133 Kev Y-ray alone = 80% 
Internal conversion correction = = 3.1 

61 
Absorption correction 
JL"'d. 
- e ::: 
Photo-efficiency correction ::: __ l_~"l""";:; 1.11 
:npl(, 1 - er-
Time of irradiation = 3.68 hours. 
Saturation correction = __ l_~ _ 
-At, 
1 - e 
Mass of Hgo 0.53982 grams. 
(nv) G - 8.44 x 106' 
t> = 420;-]D0 barns 
Hg196 (n, Y) Hg197 
(t';... 880 ±175 barns 
Dy164 (n,t) Dy165m 
For the study of the cro ss- section !o'r thi s reaction DY~3 
Was taken in the powder form in a small perspex tube and the 
irradiation were made in the core of the reactor at 30 watts 
only. Figure no.20A shows the decay curve of Dy165m when. the 
integrated counting rate is taken for all pulses above 3 volts. 
By subtractin~ the long life acti vi ty due to Dy165 (T~.'l. =143 minutes) 
the half-life of Dy165m thus obtained Was 1.15 minutes. The 
counting rate from zero to 3 volts Was not taken into account, 
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as for lO8 Kev t-ray from Dy165m almost all the area WaS under 
the photo-peak Which Was also expected to lie above 3 volts. 
The value of the K-shell conversion co-efficient was calculated 
from the tube of He se and that of K/L+lol Was taken from Weber 
(1954). The contribution due to resonance neutrons Was taken by 
cadmium ratio method. 
Co un ting rate/ sec at zero time 
Time of irradiation = 3J se-eonds. 
saturation correction:. __ l_-r"'r 
-X£,= 
1 - e 
3.84 
1 Efficiency correction =---~ 1 _ aI-tit :;::: 1.0 
Absorption correction 
~md :::~ ::: e ~ 9.15 
Internal conversion correction i+ e T 
-:: ----= ..... y 
Mass of DY~3 ::: 173.8 milligrams. 
0-:::: 2488 j: 400 barns 
::: 5.0 
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Pile neutron activation cro ss- section for the aoove reaction 
Was measured by making irradiation in the core of the reactor 
for 2.36 hours. The short life actiVi ties due to other isotopes 
were allowed to decay for 12 days and then the spectrum Was 
drawn as shown in figure no.21. The photo-peak at 58 Kev i-ray 
also includes the contribution due to K ~ray. As the 
ground level of Dy159 decays by electron capture process 
therefore corresponding to one K x-ray from Dy159 , there is 
one decay ·of the level giVing 58 Kev "f-ray. The K-shell 
conversion co-efficient of 58 Kev Y-ray Was calculated from the 
table of Rose. 'lb.e percentage contribution of the 58 Kev 'I-ray 
in this photo-peak is thus found to be 84%. The half-life of 
Dy159 is taken 140 days. In thi s case though the sample Was 
bombarded in the pile but the percentage of the resonance neutrons 
Was not taken into account. On the other hand in the case of 
Dy164 the percenta,e of resonance neutrons is less than 1% aa 
found by the cadmium ratio method. Hence the contribution to 
the resonance neutrons in this Case also 'Will be of the same 
order. 
J2y l58 (n,)') Dy 159 (T'ta:::: 134 days) 
Counts/sec under the photo-peak after 12 days I _ 438.3 
from the time of irradiation. I 
Decay correction _ ~ = 
- N 1.06 
Saturation correction 
Absorption correction 
= 1 0.849 x 10 2 1 _ eXt, :. 
N f ... d 
_ ---2.... :::: e == 40.00 
- N 
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In ternal conver sion correction 
Photo-efficiency correction ___ 1_""""1!:-"~ 1 
-p,Ji 
1 - a 
Time of irradiation :::. 2.36 hours. 
(nv) G :;:; 1.86 x mIl 
()' = 96:t 20 barn s 
Dy164 (n,1) Dy165 
An upper limit for the above cross-section Was measured by 
irradiating DYiJ3 in the thermal colwnn for 114 minutes. As 
the actiVity induced Was very large therefore it Was allowed 
to decay for a long time and then the counting rate Was measured 
Wi th an end Window beta-counter after making the foil by a 
technique discussed earlier. As the half-life of Dy165m is only 
1.15 minutes and also Dy165m decays to the ground rate by 
i someri c transi tion therefore the cro ss- section measured by 
the beta counting rate Will give us the combined cross-section 
for the production of Dy165m as well as Dy165. The value of 
the F-particle ener,y for the measurement of the above 
cross-section is taken as 0.88 l-1ev. The value of half-life 
measured for Dy165 is 143 minutes as shovm in the figure no.20B. 
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Dy164 (n,t) Dy165 (Tye=143 minutes) 
Counting rate/sec after 21.66 hours from the I _-
I 59.1 time of irradiation. 
Time of irradiation in thermal column = 114 minutes. 
Saturation correction = __ l_~ = 
1 -~tl 
Decay correction _ ~ 
- N 
- e At,. 
_ e-
Absorption cross-section = ~ = 
N 
(nv) G 
Nass of DY203 _ 7.71 milligrams. 
r:r « 840 barns 
2.35 
For measuring the above cro ss- sections spectrographically 
standardi sed Nd~3 of Johnson Matthey & Co Was used and 
irradiation Was made in a perspex tube for half an hour in the 
thermal column of the reactor. Immediately after the irradiation 
a foil Was made by sandwi tch1n~ the powder uniformly between 
two thin ce1lotapes over a well defined area. The counting 
rate Was thus plotted on a semi-1ogari thmic graph as shown in 
figure no.22. The 1.8 hour activity due to Ndl49 WaS subtracted 
from the main curve and the residual actiVity WaS found to 
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decay Wi th a half-life of 18.8 minutes wbich was. attri buted to 
Nd151• The energy of the p-particle from Nd151 is taken to be 
1.8 Mev from the results of Rutledge, Cork and Burson (1952). 
The thickness of the mica window of the metallic I-counter 
used in this case is 1.92 milligrams/cm2• 
Nd l50 Cn,f) Nd151 (TV,1.=18.8 minutes) 
Counting rate! second at zero time - 10.53 
Time of irradiation = 3) minutes. 
Saturation cross-section = 1 = 1 .. 49 
1 - f1'tl J fm 
Absorption cross-section = -No- = ~:=. 1.03 
~lass of NdaOS := 6.63 milligrams. 
(nv)G = 8.35 x 106 
C)" == 1.5±0.3 barns 
Counting rate/sec at zero time = 4.68 
Time of irradiation = ro minutes. 
Saturation correction = 1 == 5.72' 
1 _ e~t, 
N for-ti 
Absorp tion correction =...:J:l- = e ~ 1 .. 32 
N, 
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Mass of DYfP3 :;:: 6 . 63 milligrams . 
(nv) G = 8 . 35 x 106 
tJ"= 3. 1 ±0 . 6 barns 
For measuring the atove cross- section, spectrographically 
standardised LU~3 having a puri ty of more than 99 . 9% Was taken 
in the powder form and was oombarded in the thermal column 
for 2. 1 hours at a power level of 150 KW. The thickness of the 
window of p - counter employed in this case is 1. 92 m~CDl2. 
After the irradiation the foil Was made by the usual technique 
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already discussed. In the present case the half- life of Lu 
is not measured and is taken as 3. 7 hours; also the energy of 
the ' - particle is taken to be 1. 2 Nev from the table of isotope 
by Strominger, Hollander and Seaberg (1958) . As the counting 
rate Was very high at the time the sample Was removed from the 
thermal column, and also the deadtime of the f - counter Was not 
exactly known, therefore the activity was allowed to decay for 
26 . 05 hours and then the counting rate Was taken . Al though 
the time of irradiation is small but there may be some 
contribution in the counting rate due to Lul77 (Ty~=7 days) . 
Counting rate/sec after 26 . 05 hours from the 1 _ lro.l 
time of irradiation. I 
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Decay correction ::: -;s- = At,t e. _ 130.40 
Time of irradiation = 2.1 hours. 
Saturation correction :::: __ l_"l"'Xti~:: 3.07 
1 - e I fLmd 
Absorp tion correction = ~:= e- :: 
N 
Mass of LU~3 foil ::; 24.9 milligralIls. 
Power 
- 150 KW. 
0-= 64 ~5 barns 
-a) 
Eul51 (n,i) Eul52 
Though the cro 55- section for the aoove reaction for pile 
neutron is known the thermal neutron cross-section is not known. 
For measuring thi s cro ss- section sp ectro graphi cally pure 
Europi urn oxide in the powder form haVing a puri ty greater than 
99.95% Was used. The irradiations were made in the thermal 
column at a power level of 150 KW. After the irradiation the 
foil was made by the usual technique and the counting rate 
Was measured wi th f-counter. The percentage of the beta-particle 
per di sintegration of EuI51 is taken from the results of 
Nathan and Waggoner (1957). As the counting rate at the time 
the sample Was removed from the thermal column Was very high 
therefore Eu152 Was allowed to decay for 22.6 hours and then 
the counting rate Was measured. The deadtime of the counter is 
6S 
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taken to be 10 seconds for applying the deadtime correction. 
Eu151 (n ti) Eu152 (TI(;- 9 . 2 hours) . 
Counting rat~sec after 22 . 60 hours from the I 
time of irradiation. I 
Dead time correction = 1. 12 
Decay correction = ~ 
N 
~t:l. 
::: e; - 5 . 43 
Time of irradiation 
Saturation correction 
Absorption correction 
(nv) G ::: 8 . 35 x 106 
- 1. 56 hours 
1 ::: 9 . 05 
-X"6, 
1-e J 
N f .... 
:: 0 = e ::: 1. 16 
N 
Mass of Eu~3 - 3. 99 milligrams. 
() = 1700 + 3)0 barns 
= 1073. 0 
Osmium has got seven stable isotopes . The cross-section for the 
production of Os191m by en, "i) reaction was measured by 
irradiating 0 smium metal sponge having puri ty greater than 
99 . 995%. The 14 hours activity of osmium19:I.lit"was first observed 
by Swan and Hill (1952) by oombarding 0 smium metal powder in 
the heavy water pile at argonne. They observed two activities 
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of 14 hours and 15 days and also found that the 14 hour activity 
decays into 15 days actiVity. They also oombarded 0 smium Wi th 
i-rays of 22 Mev from betatron and got the same conversion 
sp ectrum as 0 btained from the pile irradiated 0 smium. Thus they 
attri buted the 15 days activ1 ty to the mass number 191 instead 
of 193. They also studied the level scheme of Os191m and 
measured the conversion co-efficients for the L-shell. The 
L shell conversion co-efficient Was also measured by Mihelich 
and Goldhaber (1955) which Was used for the present calculation 
of the cross-section measurements. 
For measuring the 0 s190 (n, Y) Os 191m cro ss- section, 0 smium sponge 
Was bombarded in the thermal column for three hours and its 
1-ray spectrum WaS taken at a time interval of approximately 
24 hours. The area under the 74 Kev photo-peak Was plotted as 
a function of time on a semi-Io gari thmic graph as shown in 
figure no.23A. Figure no.23B. shows the spectrum of osmium 
taken after an hour from the time it Was removed from the 
thermal column. The cro ss- secti6n for Os190 (n, Y) 0 s191 was 
measured by separating the 16 days actiVities from other 
acti Vi ti es. 
To measure the cross-section of OslB9 (n,t) Os.190m reaction, 
a different sample of 0 smium sponge Was bombarded in the 
thermal column and the integrated counting rate Wi th a 
scintillation counter Was plotted as a function of time, but 
no measurable activity of ten minutes was found, so an upper 
1imi t for the cro ss- section 0 f the above reaction Was set as 
10 mill! barns. The Y-ray at 141 Kev decays 'Wi th a half-life-of 
approximately 36 hours or so and this i-ray may be attri buted 
to OslB7m produced by Os]86 (n, Y) OslB7m reaction. Thus the 
energy of the "'I-ray due to the decay of OsJ87m is probably 
14l:t5 Kev. As the decay scheme of OsJB7m is not known so it 
is difficult to set any limit to its cross-section. 
190 191m Os (n, Y) Os (T v+~14. 5 hours). 
Counting rate! sec at zero time wi th the photo-peak I z: 232.75 
at 74 Kev. I 
Time of irradiation in thermal column ::::; 3 hours. 
Sa tur a tion CQtzltlZc:&m 7.46 
Photo-efficiency correction::: __ 1_'1":"'1'. ~ 1.01 
- !Irh 1 - e 
Internal conversion correction 
Absorption correction = ~ = 
N 
Mass of osmium = 0.2010 grams . 
(nv) G = 12.66 x 106 
=- "i + eT = 8 . 11 
)' 
f",d 
e ~ 2.04 
0= 13.70 ±3.5 barns 
.Q s190 (n.1) 0 s191 (T'!a = 16 days). 
Counts/second at zero time =- 22.34 
Time of irradiation in the thermal column = 3 hours. 
Saturation correction = 1 X::; 1.85 x 102 
1 - e ~, 
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Pho to- effi ci ency correction = 
Internal conversion correction 
Absorption correction = ~ -:::: 
N 
Mass of osmium sponge ~ 0.2010 grams . 
(nv) G ~ 12.Q6 x 106 
0--= 9.7 +2.0 barns 
. 189 
Os (n, Y) Os190m 
o < 10 mi IIi barns 
Cd 108 Cn, -y} Cd 109 
The cro ss- section for the atove reaction 'Was measured by 
bombarding cadmium metal sheet of thickness 0.5 rom, having 
a puri ty of greater than 99.95% in the irradiating pipe in 
the core of the reactor. As there are other short l~fe time! 
acti vi ties in cadmium, they were allowed to decay completely 
after wai ting 59 days. Also as the time of irradiation is 
pretty large, hence other reactions like (n,p), (n,oe) etc. 
can al so take place, but their cro ss- sections will be qui te 
small in compari sion wi th (n,)'). Even if these reactions 
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gave arise to activities in small amounts, they were allowed 
to decay for 59 days and then the spectrum of 88 Kev y-ray given 
out from the decay of Cd
109 
Was dravm as sbovm in figure no.24. 
The half-life of 88 Kevi-ray is 40 seconds which comes from 
the decay of Ag109m• Since this half-life is very small in 
comparision wi th the half-life of Cd109 , therefore Will not 
effect the cross-section measurements. For calculating the 
cro ss- section, the value of the half-life of Cd109 is taken 
470 days as given by Gun and Pool (1950) instead of 33) days 
reported earlier by Bradt et al (1946). The value of the internal 
conversion co-efficient for 88 Kev i-ray Was taken from the 
results of Wapstra and Eijk (1957). For measurement of the 
cross-section area under the photo-peak Was taken. The contri bution 
due to the K x-ray Was not taken into account, but on the other 
hand conversion correction Was applied. 
Cpl08 Cn,1) 9d109 (Tv:l. = 470 days) 
Counting rate/sec under the photo-peak - 49.28 
Time of irradiation in the core,: 2 hours & 23 minutes. 
Saturation correction = 
Decay correction :: i 
N 
In ternal conversion correction :;" :' 11.3 
Photo-efficiency correction::. 1.01 
Absorption correction = ~ 
N 
flnJ 
:::;:' 1.78 
74 
Nass of Cd sheet :: 0.7902 grams. 
(nv) G = 1.86 x 1011 
()'= 2.3±O.4 barns. 
The cro ss- section for Sr84 (n, "I) Sr85m reaction Was measured 
by bombarding SrCo3 in the core for 3 minutes. The core 
irradiation was made since the actiVity induced in strontium 
after irradiating five hours in the thermal column Was 
practically zero. After irradiating SrCo3 in the core spectrum 
Was immediately taken, then the seventy minutes activity due 
to Sr85m Was allowed to decay and the spectrQ~ Was again redrawn 
at different times. The cross-section Was then measured by 
draWing the decay curve. In doing so the integrated counting 
rate Was taken from 10 to 25 vol ts. The half-life of Sr85m 
obtained from the decay curve Was 72 minutes. The cross-section 
for Sr84 (n,i) Sr85m Was also measured independently from the 
knowledge of the areas under the photo-peak of 388 Kev 1-ray 
and under the whole spectrum, knoWing of course, the ratio of 
the area under the photo-peak to the total area from the standard 
curve. The cross-section calculated by the method Was the same 
Wi thin experimental error as found from the decay curve. 
For measuring the p ercen tage of acti Vi ty due to thermal neutrons , 
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ano ther sample of strontium caroona te Was taken and the 
irradiations were made in the core wi th and wi t hout t he cadmium 
cover. The per centage of resonance neutrons thus found WaS 
7.21&. The decay scheme and the value of the internal conversi on 
co-efficient for 225 Kev Y-ray were taken from the results 
of Sunyar at al (1952). 
For measurin g the cr o ss-section for Sr86 (n, --I) Si~7m reaction, 
the irradiations were made in the core Vl.i. th a fresh sample of 
SrCo 3 • The 70 minutes acti vi t y due to Sr85m Was allowed to 
d'ecay for aoout two half- Ii ves and the spectrum WaS drawn . By 
measuring the area under the pho to - p eak of 388Kev i- ray, the 
cross- section Was measured . The Value of the internal conversion 
co - efficient Was calculated from the table of Rose . 
The cro ss- section for Sr84 (n ,i) Sr85 Was studi ed by bombarding 
SrGo 3 for one hour in the irradi ating pipe in the core at a 
power level of 100 K\1. The spectrum of Sr85 WaS taken 16 days: 
after bombardment such that all the activities due to Sr$5m and 
Sr87m completely decays . By measuring the area under the 
pho to- peak of 513 Kev Y-ray, the Value of the cro ss- section for 
Sr84 (n , t ) Sr85 'reaction Was calculated . The cro ss- section 
mea sured from 513 Kev. t- ray will be the sum of the cross- section 
for Sr84 en , '/ ) Sr85 reaction and 0 . 86 times the cro ss- section 
for Sr84 (n , y ) Sr85m reaction, because 861g of the transi tions 
from Sr85m decays to the ground state of Sr85 nucleus . The 
percentage of the thermal neutron in this case Was taken to be 
92. 8%. The natural abundance of Sr84 is taken to be 0 . 55%. 
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Counts/sec lmder the whole spectrum ~ 
at zero time from the decay curve. I = 3254.0 
Time of irradiation in the core = 3 minutes. 
Saturation correction _ 1 
- 1 -.\t, 
- e. 
:: 34.25 
Internal conversion correction ~ ~+ eT 
= 
1.031 
Y 
Effi ci ency correction = 1 
= 1.3JB 
,u ... cl 
-= 
e ~ 1.13 Absorption cross- section 
Mass of SrCo 3 = 0.1242 grams. 
(nv) G ::: 1.24 x 1011 
Also 14% of the transi tion takes place by electron capture. 
--------------------------Mean value G""~ 5~ ± 110 milli barns 
Counts/sec under the photo-peak of 388 KeV'l-ray == 6932.5 
Time of irradiation in the core = 3 minutes. 
Saturation correction ;;: ___ 1"'"""r':r- ::: 
-Xt, 
1 - e 
81.3 
Photo-efficiency correction ~ 1 :: 3.61 
1 _ -f"fl 
Internal conversion correction 
_ 
y + e T --
.- " 
1.75 
~ecay correction No -= 
=rr-
I 
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Absorp tion correction :::;. ~ = 
N 
Hass of SrCo3 = 0 .1242 grams . 
11 (nv) G = 1 . 24 x 10 
D~ 0 . 80 ± 0 . 00 barns 
Co un ts/ sec under the pho to- peak of 513 Kev t - ray I ~ 21 08 lr . ;;; ( due to thermal neutron) . 1 
Time of irradi ation = 1 hour . 
1 3 Saturation correction :: __ --.,,.......... ~ 2 . 25 x 10 
Decay correction _ ~ 
- N 
- ).l, 
1 - e 
)..tl, 
-:: e = 1 . 18 
I nternal conversion correction ~ 
Pho to - effi ci ency correction ~ 1 
-I-'r li z;. 
1 - e 
N I!._d 
Absorp tion correction = --=.:.2.- = e = 1. 09 
N 
(J- 0 . 51± O.15 barns 
~ 1. 008 
5 . 24 
7~ 
Table No. ~ 
S. No. Reaction 
Thermal N eu tron 
Acti vation Cro ss- section 
1 SbI21(n, y) Sb122m 1 190 ± 20 mi lli barns . 
2 Rb85 (n, Y) Rb86m 8.51: 2.0 milli barns: 
8e76 Se77m 
3 
3 (n, ~) 111:3 barns. 
4 Se78 (n,Y) Se79m 13)'1:25 1 milli barns. 
136 Ba137m 
1 
5 Ba (n, "'I) 16±3 milli barns. 
6 Ba132(n,"f) Ba133m .... 1 4.1-1.2 barns. 
Ba134(n;1) Ba135m 
1 
7 <"EIJ mi lli barns. 
Pd108 (n, y) Pd109m 
1 
8 260 ::!:40 milli barns. 
110 III 3 
9 Pd (n,'f) Pd 190±60 milli barns. 
Pd110 (n, i) Pd11lm 
1 
10 ~EO milli barns. 
11 198 fig (n,)') Hg 199m JB±6 1 mi lli barns. 
196 Hg197m 
1 
12 Hg (n;i) 42;)::t 100 barns. 
196 H 197 1 13 Hg (n, '"i) ,g 8801:.175 barns. 
Dy164(n, .0 Dy165m 2 14 2488 :t4.00 barns,. 
158 Dy159 1 15 Dy (n, '() 96 -:tOO barns. 
DyI64(n;t) 165 2 16 Dy <'840 barns. 
Nd 150 (n;i) Nd151 
1 
17 1.5±0 . 3 barns. 
18 Ndl48 (n,'1) Nd149 3.1 ±O.6 
3 
barns •. 
19 Lu175Cn;1) Lu176m 64 -T5 3 
-20 
barns. 
Elu 151(n, 'I ) Eu152 :2 20 1700 "±:. 3)0 barns . 
o s190 (n, i) Os19Jm 1 21 13.7 ±3.5 barns .. 
22 o s190 (n, "i) Os191 9.7±2.0 3 barns. 
Os 189 (n;'I) 190m 1 23 Os <:10 milli barns. 
Cd 108 (n;i) Cd 109 1 24 2.3±0.4 barns. 
S.Ne. Reaction Thermal N eu tron 
Acti vation ere ss- section. 
25 Sr84 (n;'f) Sr85m ~ 53):t 100 milli barns. 
Sr84 en,") Sr85 
3 
26 0.5ItO.15 barns. 
86 . Sr~7m 3 27 Sr (n,") 0.80+0.2 barns. 
1 represents cases measured for the first time. 
2 represents cases measured for the first time ,d th 
thermal neu trons. 
3 represents cases who se values have been improved upon. 
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C HAP T E R IV. 
Compari son of experimental value of ~(n,t) 
With theoretical values. 
Thermal neutron absorption as well as activation cross-sections 
have been more or less exhausti vely measured. They have been 
tabulated in the AECU-0040 (1955) report. It is possible to 
evaluate exactly the thermal neutron capture cross-sections 
theoretically, if the various parameters of the resonances near 
the zero energy are exactly knO'WIl. Brei t- Wigner singl-e level 
dispersion formulae should be valid in most of these cases, 
where the resonances are separated enough to neglect any 
in terference effects. It Will be interesting to comp are the 
exp erimental and theoretical values of the cro ss- sections. 
Any di screp ency between these values should reveal that ei ther-
the information about the parameters of the nearest known 
resonances is inadequate or there are -still 0 ther resonances 
on the po si ti ve or negative side, of the zero energy. 
The theoretical values of the cross-section are calculated 
from Brei t-Wigner single dispersion formulae (Blatt and 
Wei sskopf, 1952). 
1 
G:' (n;") ! Ao 
'(11" 
where ~(n,Y) is the cro ss- section at 0.025 ev; g is the 
statistical weight factor;" is the neutron Wave length at 
o 
0.025 ev; ~ and r; are the neutron and the radiation widths of 
the resonance under consideration; Eo:::: 0.025 ev; Elf. is the 
resonance energy in electron vol ts aud/is the total width 
given by r::::. r;, +r; + r;+t::+~---- • Interference effects due to 
the nearness of two levels of the same J and pari ty are, 
of course, neglected. The sources from which the values of 
various parameters are taken are given in the tables. In table 
no. 6 and no. 7 ar e presented the theor eti cal and exp erimen tal 
values of thermal neutron capture cross-sections at 0.025 eVe 
The experimental values are invariably taken from AECU-2040 
(1955) report. Below are calculated the value of l)(n, Y) 
for a few cases: 
In 115 Cn, i) In 116 
Spin of the target nucleus In1lS ::: 9/2 
If 1:: 0 for the incoming neutrons. 
Then J value of the compound nucleus:. 4 or 5 
Corresponding to J::: 4, g = t( l:l T I )::: 0.45 
.11 + I I 
Corresponding to J:: 5, g ~!( 2]' +" I ) = 0.55 
),1+// 
-2Y Ao~~=~= __ ~===6=.6=~=~='O~~l~X=~=.1=4='======~~==== fr ";"m£0,j -24 -12 
2x1.675xlD x 0.025x1.602xlO 
-\- -9 
1\0 =- 2.87 x 1D 
7T 10 == 25.87 x 1012 
r -3 r: -3 Now En ::::: 1.458 ev; /y ==72 x 1D ev; 11 =3.36 x 10 eVe 
(L)Y2::: (0.0 2Q'~ == O. 133 Ell 1.458) 
r: Jy -3-3 
11 y _ 72 x 10 x 3. 36 x 10 2 ('I.) 1 - _...Loro.-..I&....-~.A... ¥I::02~..a.....--'--- 2 
(E - EJr) + '/'- (0.025 - 1.458)+(t x 0.072) 
-6 -6 
_ 241.92 x 10 _ 116.86 x ]() 
- -2.07 
Fo r J;:; 5; g = 0 • 55 
0-=25.87 x 15 lBx 0.55 x 0.133 x 116.8 x ~6 
.. 24 
= 221.1 x 1D 
Fo r J = 4; g = 0 .45 
0-= 25.87 x lOlBx 0.45 x 0.133 x 116.86 x J1S6 
-24 
= lBO.8 x 1D 
.9<1157 (n, Y) Gd l58 
Spin of the target nucleus = 7/2 
Taking 1 = 0 for the incoming neutron. 
J value of the compound nucleus = 3 or 4 
Corresponding to J =3; g = t (2J + 1) :::::: 0.43 
2I + 1 
Corresponding to J==4; g:::t (2J+1) = 0.56 
2I or 1 
.+1 lB 
Tf "0==25.87 x 10 
Ell = 0.03 ev ; r; ::=100 -3 r 3 x J.D ev ; In =0.65 X 10 eVe 
Y:l 't:z. (-t) = (g:g~) - o • 16 "::. O. 924. 0.173 
r r -3 -3 
1")1 l"f _ 100 x 10 x 0 .65 x ill 
(E - EIt)2+(rj~)"- (0.025-0.03)2+(t~0.1)2 
6 -6 -2 
= 5 x 10 = 2.5 x ]() 
0.0026 
Fo r J = 3; g = 0.43 
~-25.87 x 1518x 0.43 X 0.924 x 2.5 X 152 = 256964 X Jl)24 
Fo r J = 4; g = 0.56 
-JB -2 -24 0: 25.87 X ill X 0.56 X 0.924 X 2.5 X J.D == 334488 X 10 
Hf177 (n, y) Hf178 
r -3 
Eft= 1.08 ev ; ly=67 x 10 ev; r -3 gin:: 0.9 x 10 
-\-2 _ 18 
lrA,,:25.87 X 10 
- 0.155 
In r; -3 -3 -6 
_...-.Ig ......... ..:.n~y ____ "!'- _ 0.9 x 10 x 67 x ]Q _ 60.3 x 10 
(E - E/t)2 + (rj,)'" (0.025-1.08)1.+(t x 0.12)2 - 1.127 
-6 
=- 53.5 x 10 
() ==25.87 x lO18x 0.155 x 53.5 x 106 = 214 x 1024 
E/t-:= 2.34 ev ; r; ==60 x 103 ev; g rn := 2.8 x m3 ev 
f: )'h \ FI Ell := O. 16 :::: O. 104 
1.53 
l> == 25.87 x 1518x 0.104 x -6 .,~24 20.7 x 10 == 82.58 x .lJ.) 
,- -3 
E It == 6.6 ev; 1"'(:: 44 x 10 ev; 
'12. '11.. (&IE,) :: ( 0.025) - 0.062. 
\ 6.6 
In r; :;:; 11.11 x iiJ6 
(E _ Ell) 2 + (r l:l ) '}. 
.- -3 
In:::: 11 x 10 ev; g :: 0.3 
-18 -6 -24 
0-:.-25.87 x 10 x 0.3 x 0.062 x 11.11 x 10 == 5.3 x 10 
~ -24 -24 
Total U=(214+82.58+5.3) x 10 = 201.8 x 10 
Hf174 en,l) Hf175 
174 
Spin of the target nucleus Hf = 0 
Taking 1=0 for the incoming neutron. 
J = 1'.2.; g=t (2J+l):=i (1+1 )= 1 
21 +1 1 
,- -3 r;; 
Ell = 30.5 ev ; ,.,:::60 x 10 ev; In:: 49 x -3 lD ev 
-6 
xlO 
Table no.6 represents those cases where the ratio R is 1 wi thin 
the uncertainties involved ei ther in the resonance parameters~ 
used in the Brei t- Wigner formulae or in the experimental values 
of 0;. In cases where I the total angular momentum of the 
target nucleus is very much greater than one, the value of J 
is taken to be l+t wbich any how does not differ very much 
from the value 1- t. The values of J of the compound nucleus, 
of other cases given in table no. 6 are normally taken from 
the existing Ii terature. 
In table no.7 are listed those cases for which the ratio R is 
generally qUi te different from 1. In the fir st three cases i. e. 
177 127 159 
Hf ,I and Tb ,i tis found that the contri bution to 6; 
from resonances other than the nearest one is comparable to 
127 
the first one. The case of I is of particular interest 
where the contribution from the first level is hardly ten percent 
177 
of the total value. While in the Case of Hf the experimenta1tJ: 
is fully explained by taking in to account the 0 ther resonances, 
the discrepencies in Tb159 and I127 are still unexplained. It 
appears possible that negative energy levels may be contributing 
appreciably in these cases. Other Cases in this table cannot 
be explained by the knovm po si ti ve energy resonances even 
taking into account the experimental uncertainties involved. 

Careful consideration of the resonances of Ag107, Ni 62, Inl13, 
Hg199 and H097 where the value of R is very high, suggests very 
strongly the ext stance of negative energy resonances . In the 
107 199 . 
case of Ag and Hg the negatlve energy resonances are also 
pointed out by WOod ( 1956) and Segre (1953) . In calculating 
o;(theoretical) for eo59, J;is taken to be 0 . 3 ev as given by 
Segre (1953). This value of r could be in error . In the case of 
Mn,55 alSO ~iS 0 . 2 ev according to Segre (1953) , but from the 
recent measurements made by Eollinger and Dahl berg (1955), [;=0 . 6 eVe 
As eo 59 and Mn55 are very near to each other in atomic weights, 
and r;-changes only slowly Wi th atomic weight as pointed out by 
Levin and Hughes (1955), rv for eo 59 may be taken to be ~O. 6 eVe 
Thi s gives the ratio R nearly equal to 1. As all the resonances 
in He 165 and Hf179 are claimed to be known by Harvey et al (1955), 
the discrepancies between the experimental and theoretical 
Value of cr: canno t be accounted for by the known po si ti ve energy 
resonances. These again may be the Cases where the negative energy 
resonances play some part. The rest of the cases involve so many 
uncertain ties in the various measurements that it is very diffi cuI t 
to assign any particular reason for the discrepancies. In the 
case of isotopes of Sn and Hf, the po ssi bili ty of some of the 
unresolved resonances is quite strong. In the case of rare earths 
small impuri ties can make great contri butions in the 
cro ss- sections whi ch could be the cause of error in some cases ... 
Fi gure no • .25" gi ves the value of the ratio R for various atomic 
wei ghts. The cases of di screpancy are self- evident. 
s~ 
TABLE {lJO (, 
J value of rs;; in barn . S.N. Isotope compound Ratio References 
nucleus Calculated Experi-
mental R 
1 Mn'~ 2 11.1 13.2 1.2 Ibllinger et aU 19E 
2 Mo Itt' 3 6.5 13., 1 2.0 AECU-204O (1955) 
3 Mo'tb i- 1.0 1.2 1.2 -do ... 
4 Mo't~ i- 0.16 0.4 1.0 -do ... 
5 Me 100 t 0.41 0.5 1.2 -do-
6 Rh'03 0 71.8 15¢ b 2 . 0 -do-
l 215.5 150 0.7 
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t (1953) 7 Pd 7.4 12 Y 1.6 Segre 
8 IO~ 1 92.5 ~Y;1 0.9 "hod (1956) Ag 
9 Cd,'3 1 19974 2O~OO 1.0 Sailor (1956) 
10 Inll5" 4 181 19"? 0 1.0 AECU-204O ( 1955) 
11 Sn"9 t 0.02 e.or- 0.5 -do-
12 Te'.t; 1 413 000 4 0 0.9 -do-
13 Sn,~c, i- 0.17 0.20 1.1 -do-
14 Cs'~~ 4 17.5 29.0 1.6 -9-0-
15 Xe.I ?>$' 2 2.94 
G 
' 1/' 2.7. v :5 0.9 AECU- 2040 ( 1.9 55) 
.40~!19 
Deu tsch (1956) 
16 SmILt~ 4 31420 50000 1 .. 6 AECU-2040 (1955) 
17 Gd'~7 3 256964 
. 
160000- 0.6 -do-
18 Thl 'b't 1 86 118 
.-, 1.3 -do-
19 L \'16 u. 15/2 2361 'f,;;' 4000 1.7 -do-
20 Hf'1S t 71.1 75 1.0 -do-
21 Ta; 1'01 4 13.7 21.'3 1.5 \'bod (1956) 
22 w'~: t 9.1 19- ' , 2.1 AECU-2040 ( 1955) 
,s,- ( 
23 Ra 3 74.5 100 I U 1.3 -do .. 
24 W 186 t 45.4 34 0.7 -do-
25 Re IS" 3 39.4 63 , 1 .. 6 Segre (1953) 
AECU-2040 (1955) 
1'13 
-3 Segre '1.953) 26 Ir gi:=0.4 x 10 ev 140.9 120 0.9 
27 AU
I
'i7 2 89.5 98 1.1 AECU-2040 (1955) 
TABLE NO 7 
S.N. Isotope J value of 0;; in barns Ratio References 
compound 
calculated experi-nucleus 
mental R 
II"" 7 1 3 0.19 0.89 6.7 3.0 AECU-ro40 (1955) 
1.10 2.18 
2 Tb 
l5"q 
2 4.9 5.1 44 
I./) 
4.3 -do-
0.2 10.2 
I'" '1 
3 Hf 214 83 5 380 1.2 Igo et aI, (1956) 
a>2 Segre (1953) 
AECU-2040 (1955) 
4 eo'i"t 4 16.4 37 2.2 AECU- 2040 (19 55) 
Segre (1953) 
E," i (1955) 5 " Ni 1.33 15 11.2 AECU-2040 ) 
6 Mo'\7 3 0.3 2.1 ' 7.0 -do-
10'1 W:>od (1956) 7 Ag 1 2.6 30 11.4 
AECU-2040 (1955) 
8 Sn,,;t t 0.42 1.3 3.0 AECU-2040 ( 1955) 
In\!3 \ 9 5 4.3 58 13.6 -do-
lO SnllO i 0.005 0.14 . 26.4 -do-
15'3 
11 Eu 3 1233 420 0.34 Segre (1953) 
AECU-2040 (1955) 
1b5" ( 1955) 12 He 4 21.8 64 r 2.9 AECU-2040 
163 
13 Yb t 3768 11000 2.9 -do-
,.,4 
t -do-14 Hf 2.35 1500 638 
15 Hf 1'1'1 1 10 65 6.5 -do-
180 
t 16 Hf 0.25 13 ' 52 -do-
17 
W/g~ 1 2.3 11 4.7 -do-
llil 
gG=g.2 267 960 .) 3.5 Segre (1953) 18 Ir 
x 10 ev 
19 / '1 
I~'l 
Hg 1 8.8 2500 284 AECU-204D (1955) 

I someric Ratio Rule in Slow Neutron CaPture. 
The semi-empirical rule of Mateosian and Goldhaber (:ID5?) 
(hereafter referred as N. G. ) concern1:p.g isomeric ratio WaS 
verified for all the cases in which the spins of the various 
levels involved are known. When isomeric states are formed by 
slow neutron capture, the ratio of the cross-sections for the 
production of each state is known as the isomeric ratio.< Segre, 1949). 
The rule states that the ratio of the cross-sections for the 
production of two isomeric states by slow neutron capture is 
such that the isomeric state with spin close to that of the 
compound nucleus is favoured . The rule Was verified by M. G. for 
a few cases in which the spin of the target nucleus Was zero . 
In the present investi gation the rule has been verifi ed for all 
the cases in which the spins of the target nucleus is ei ther 
zero or greater than zero thus putting the rule on a more firm 
footing. Figure no. 16 shows the graph in which the fraction of 
the cascade populating the isomeric state wi th lower spin 
difference is plotted against the spins of isomeric levels . 
As is clear from the graph, the ratio is always greater than 
0.5 thus proving the valid1 ty of the rule in all the cases. 
In the case of 0060 the spins of the isomeric states 
are 2~ and 5+ (Way et al, 1955) , where as the spin of the target 
nucleus is 0/:'1. as gi VeIl by Bleaney and Ingram (1951) . Taking 
the spin of the incoming thermal neutron as l+, the spin of the 
compound nucleus can either be 3 or 4. The above rule concerning 
isomeric ratio helps us to decide the J value of the compound 
nucleus. As the cro ss- section for the production of the i someri c 
state of eo 60m wi th Ty:a.";:: 10.4 minutes is smaller as compared 
wi th the other state wi th Ty~ = 5.28 years, that means the state-
-#-
Wi th spin 5 is populated more as compared wi th the state wi th 
spin 2-t (eo 6Qm) , hence the value of J of the compound nucleus 
formed by the absorption of the thermal neutron is 4 which is 
~~ nearer to 5 than 2. 
In figure no.~6the case of Ge77 requires special mention. The 
measurement for this case Was specially done by M.G.(1957), 
to remove the discrepancy from their rule. lht careful 
consideration shows that the case requires still further 
investi gations. The following reasoning '\IJill explain it. The 
total absorption cross-section of Ge76 measured by Pomerance (1951) 
Wi th Pile Oscillator technique is O.35:t0.07 barns. The activation 
cross-section measured by Seren et al (1947) for Ge76 (n,1) ae.77m 
and Ge76 (n;i ) Ge77 are 30 ±20 milli barns and 200+ 100 milli barns 
respecti vely. On the other hand measurements made by M. G. (1957) 
76 77m for the above cro ss- sections i. e. Ge (n, -of) Ge and 
Ge 76 (n,"'I) Ge 77 are 87:t 15 milli barns and 76 ± 15 milli barns 
respecti vely. The measurements of M. G. a1 though sati sfies their 
rule but are not in confirm! ty ei ther Wi th Pomerance's results, 
or wi th Seren' s results. The lack of decay scheme in the case of 
Ge77m could be a source of error. The percentage of the isomeric 
transi tion from Ge77m is ('114% according to Way et al (1955) 
and of the ""00% according to Fairhall (1952). Also as ae77m and 
Ge 75m have half-lives 0 f the same order i. e. 54 seconds and 
49 seconds respecti vely, therefore while measuring the 
cross-section with activation technique for individual isomers, 
the error introduced in separating these t'WO activities will also 
be there. 
~spxqeric Crpss-sectipn datio Rule in Slpw Neutron Cppture: 
Further study of the isomeric cross-sections as found in the 
Ii terature has revealed a.110 ther interesting rule cvncGrnin~ the. 
isomeric cross-section ratio. If the compound nucleus formed by 
the absorption of a slow neutron decays into two isomeric states, 
then the ratio of the cross-sections of these two isomeric states 
is defined as the isomeric cross-section ratio. The rule Was 
di scovered emperically and states that if various i so topes in 
the same element give rise to isomeric states by slow neutron 
capture and further if the spin values of the compound nucleus 
thus formed and the isomeric states are the same for these 
isotopes then the ratio of the isomeric cross-section is also 
nearly the same for them. In table no. 8 are Ii sted tho se cases 
in Which the spin of the target nucleus is zero and that of the 
compound nucleus formed by the absorption of the slow neutron 
is t+. Though the errors in the measurement of the 
cro ss- sections as reported in the Ii terature are very large, 
still the isomeric cross-section ratio seems to obey the atove 
rule Wi thin the experimental error. The cases of Palladium and 
Selenium are not included in table no.s , since the spin values 
of the various isomeric states involved are not known properly, 
but the ratio of their cross-sections for the production of the 
isomeric states satisfies our above semi-empherical rule. The 
present rule helps us to find the value of the cross- section 
for some of the ground states which has either a very large value 
of the half-life or which are stable. But for this rule estimation 
of the ero ss- section for such cases would have been impo ssi ble •. 
TABLE NO 8 
No. Target Spins of the ::t someric 
Nucleus isomeric levels. cro ss- section ratio. 
31- II - 800 ± 200 I .I ). 
90 T 20 
Te128 3+ 
11-
~ 
- 130 :!: 30 i J 
15 ~ 5 
31- 11-) -
-
,.. 160 :t40 ,. 2 Sn122 
1.0 ! 0.5 
l .. t JI-, 
-~ 
,. 200 j: 100 Sn124 
4:!:.2 
3..- .ll-
-2QQQ .- l ;Z 
<:50 
3 Ba13S 
3---
.J !l.- &34 + 400 ..-, ) 
16 ± 3 
Absorp tion cro ss- sections for the follot-dng reactions :-
(1) Zn70 (n,1) Zn7lm (2) Se 78 (n,'!) Se79 (3) KrS2(n,i) Kr83m 
(4) Kr82(n,i) Kr83 (5) ~6 S (n, )'} Sr87 (6) Cd 112 (nit) Cdl13 
(7) Cd110 (n,t) Cdlll (8) Te;124(n,'f) Te;125(9} Hg198(n,1) Hg199 
are ~ estimated from the present semi-empherical rule of 
isomeric cross-section ratio. In the case of Zinc, the isotopes 
Zn68 and Zin70 give rise to isomeric states by slow neutron 
absorption which have got the same spin values and pari ties in 
each case. Also as the target nucleus Zn68 and Zn70 have got zero 
spins, therefore the spins of the compound nucleus formed by 
the cap ture of slow neutron is i + in bo th the cases .. Thus the 
isomers Zn,69 and Zn 71 sati sfy all the condi tions of the present 
isomeric cross-section ratio rule, and hence the isomeric. 
cro ss- section ratio should be the same in 1:x:>th these Cases. As. 
'the isomeric cross-section ratio in the Case of Zn68 is known 
(Hughes, 1955), so the cro ss- section for Zn 70 (n, Y) zn 71m Was 
estimated to be 9 milli barns. 
In the case of Krypton, isotopes Kr82 and Kr84 give rise to 
isomeric states by slow neutron capture which have got the same 
spin values and pari ties. As the target nucleus Kr82 and Kr84 
have spin zero in each case, so the compound nucleus formed in 
be th the Cases have spin t + . The cross- section for the combined 
reactions Kr82 (n,t) Kr83:n and Kr82 (n,y) Krf53 is known from the 
results of MacNamara and Thode (1950). Since these two isotopes 
. 83 85 ~.e. Kr and Kr' Satisfies all the conditions of the present 
isomeric cross- section ratio rule, therefore the isomeric 
cross-section ratio is the same in both these cases. In other 
words the ratio of the cross- sections for the reactions' 
K:r82 (n,1 ) Kr~3m and Kr82 (n,'I ) Kr83 can be known from the rule 
and also their sum is known from experimental results of 
IvlacNamara et al (19SO). '!hus the cross-sections. for the 
indi vidual reactions Kr~2(n, 1) Kr83ll and Kr82 (n,1) Kr83 are 
estimated to be 28 barns and 17 barns respectively. In table no. q 
are given the cross-section which are estimated from the 
present sem1-empericar rure. , 
Though the rule looks to be plausible on theoretical grounds 
and there is no evidence from the present li terature to contradict 
it and as shown below, the present resul ts do support it Wi thin 
experimental error; still the following estimated values should 
only be considered as the first approximation giving the order 
of magnitude rather than the exact values. 

TABLE /'10 q 
No. Reaction Estimated Cro ss- section 
1 1z170 (n,Y) Zn7lm 9 milli barns 
2 Se78 (n, i) Se79 8 milli barns 
3 Kr82 (n, i) Kr83m 28 barns 
4 Kr82 (n,1) Kr83 17 barns 
5 Sr86 (n,"1) Sr87 500 milli barns I~C" '* 4r'~ 
6 Cd 112 (n,t) Cd 113 240 milli barns ~o :!- IS" 
7 CdllO (n,"1) Cdlll 1.5 barns <,>, 2 .I: ,>' I 
8 Te l24(n, -() Te125 25 barns ~ .+ ~ 
9 Hg198 (n, "'I) Hg199m 37 mi IIi barn s 
Magic Number and Isomeric Cross-section: 
In figure no.27a and 27b the fraction of the transitions 
popula ting the i sorneri c state Wi th lower spins are plo tted 
versus the atomic number (Z) and the number of neutrons (N) 
respecti vely. All the experimental points shown here correspond 
to even-odd nuclei i.e. the target nuclei taking part in these 
cases in the reaction with thermal neutrons were even-even, 
and hence had spin zero. 
As is clear from these curves there appear to be two maximas 
in bo th the curves at Z !:! 28, 50 and at N!::::! 28, 82, wbi ch shows 
that these maximas are related to magic numbers . It also 
happens to be that the cases of ~ t::::1 5""0 also correspond to N !:::!. 82, 
and similarly the Cases of Z ~ 28 also correspond to N !:::!. 28 . 
Thus at these po in ts there is the combined effect of double ma~c 
numbers . On the other hand at N= EO , there is only neutron magic 
num ber; and therefore thi s " effect'" is exp ected to be less than 
at the double magic numbers . One may, therefore, understand the 
minima at N% EO in the ,figure 27(b) as due to this reasoning. 
At Z ~ 82 in figure 27( a) and at N~126 in figure 27 ( b), roth 
the curves has a tendency of going up which again may be attri buted 
to the effect of double magic numbers . 
\ve know that at the magic numbers the densi ty of the levels is 
very small. It is therefore natural to attribute the high value 
of the fraction of the transition leading to the lower spin 
isomeric state at magic numbers to a small number of levels takin, 
part in the i- decay of the compound nucleus . The fact that 
this fraction is high for low densi ty of levels, shows that the 
probabili ty of transi tions involving greater change of I are 
effected more by the low level density than the transitions 
involving smaller change in I . This is easily understood by 
attemp ting to calculate the ratio by using Wei sskopf (1956) 
formulae assuming a finite number of levels taking part in the 
transi tions . The percentage of the transi tion leading to the 
higher spin isomeric state thus calculated from Weisskopf 
formulae comes out to be negligi bly small . 
The onl.y method by which a ratio comparable to the experimental 
value may be got is by using a lar~e number of levels involved 
in the transi tions from the Y- decay of the compound nucleus . 
Because in the large numbers, it may be po ssi ble to arrange 
the spin di stri bu tion of the levels in such a manner as to increase 
the probabili ty of high .AI tr an si tions as compared to the 
lowAI transitions. In this way, the change in the level denSity 
may reflect on tbis fraction of the transi tions leading to the. 
lower spin isomeric state, and hence may g:i. Va 1'i se to the maximas 
as obtained by us experimentally.It may be me.'1tioned here that 
all the points at ~ ~ 50 and N ~ 82 involve isomers having th& 
same spin chance of ~I = 4 and wi th a change of pari ty. On the 
other hand at Z = 28 and Ii ~ 40, AI= 3 &: 4. The points fal1in~ 
on the minima at 1~C::!.50 and Z. ~4D corresponds toAI=4. It 
appears therefore, that these maxima and minima are no t dependent 
upon6I. 
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ABSTRACT. Experimental and theoretical values of thermal neutron capture 
cross-sections have been compared for a number of cases. An attempt is made to explain 
the discrepancy in many cases. It is proposed that in the case of AgI07, Ni62 , !n113, Hg'99, 
M097, and Hf179, there exist negative energy levels close to zero energy. Radiation width 
in the case of C059 is considered to be 0 _ 6 ev, instead of O. 2ev as given by Segre. 
I. INTRODUCTION 
Thermal neutron absorption as well as activation cross-sections have been 
more or les8 exhaustively measured. They have been tabulated in the AECU-~040 
(1955) report. It is possible to evaluate exactly the . thermal neutron 
capture cross-sections theoretically, if the various parameters of the resonances 
near the zero energy are exactly known. Breit-Wignor single level dispersion 
formula should he valid in most of these cases, where resonances are separated 
enough to neglect any interference effects. It will be interestiug to compare the 
experimental and theoretical values of these cross-sections. Any dibcrepancy 
between these values shoukl reveal that either the information about the para-
meters of the nearest known resonances is inadequate or there are still other 
resonances on the positive or negative side of the zero energy. 
2. DIS C U S S ION 
In Tables I and II are presented the theoretical and ' experimental values 
of thermal neutron capture cross-sections at O.025ev. The experimental value., are 
invariably taken from AECU-2040 (1955) report. The theoretical values are 
calculated from Breit-Wigner single level formula (Blatt and Wei!,;skopf, 1952). 
where O"o(n, r) is the cross-section at O.025ev; 9 is the statistical weight factor; 
Ao is the neutron wave length at 0.025 ev r" and r 'Yare the neutron and the 
radition widths of the reasonance under consideration; Eo = 0.025ev; Er is 
the resonance energy in elect-ron volts and r is the total width given by 
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r = rn+r-y+ .... Interference effects due to the nearness of two levels of the 
same J and parity are, of course, neglected. The sources from which the values 
of various parameters are taken are given in the tables. 
Table I represents those cases where the ratio R is 1 within the uncertainties 
involved either in the resonance parameters used in the Breit· Wigner formula 
or in the experimental values of 0"0' In cases where I the total angular momentum 
of the target nucleus is very much greater than one, the value of J is taken. to be 
I+t which anyhow does not differ very much from the value I-t. The values 
of J of the compound nucleus of other cases given in Table I are normally 
taken from the existing literature. 
In Table II are listed those cases for which the ratio R is generally quite dif-
ferent from 1. In the first three cases i.e. Hfl77 II2?, and Tb159, it is found that the 
contribution to (To from resonances other than the nearest one is comparable to 
the first one. The case of 112? is of particular interest where the contribution 
from the first level is hardly ten per cent of the total value. While in the case of 
Hfl?7 the experimental (To is fully explained by taking into account the other 
resonances, the discrepancies in Tb159 and 112? are still unexplained. It appears 
possible that negative energy levels may be contributing appreciably in these 
cases. Other cases in this table cannot be explained by the known posi.tive 
energy resonances even taking into account the experimental uncertainties in. 
volved. Careful consideration of the resonances of AgIO?, Ni62, Inll3, Hg199 and 
• Pt:vNrJ O~ 7"'&£ N.~ 
• PoINTJ ()/' TINIlE N! 2 
o 
/J 
1 
o o 
o 
Ox", 
o 
o 
o 0 00 
o • 
-.' i ll , • 
. . o· 
• ~ •• e 
.". ... 
o JD ]0 .. Hl 'fO '0 ,0 70 ~o "'0 JQO 
A 
Fig. 1 
Mo9? where the value of R is very high, suggests very strongly the existence of 
negative energy resonances. In the case of AgIO? and Hg199 the negative energy 
resonances are also pointed out by Wood (1956) and Segre (1953). In calcula.-
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TABLE I 
J value of (10 in barn 
S.N. Isotope compound 
Calculated I Ratio R eferen ce nucleus Experi-
mental R 
1 Mn55 2 11.1 13.2 1.2 Bollinger et al. (1955) 
2 Mo9s 3 6.5 13 . 4 2.0 AECU- 2040 (1955) 
3 Mo96 t 1.0 1.2 1.2 -do-
4 M09B i 0.16 0.4 1.0 -do-
5 Molo' t 0.41 0.5 1.2 -do-
6 RhloS 0 71. 8 150 2.0 -do-
l 215.5 150 0.7 
7 Pdlo8 ~ 7.4 12 1.6 Segre (1953) 
8 AglOD 1 92.5 84 0.9 Wood (1956) 
9 Cd113 1 19974 20800 1.0 Sailor (1956) 
10 In115 4 181 197 1.0 AECU- 2040 (1955) 
11 SnllB t 0.02 0.01 0.5 -do-
12 Teus 1 413 390 0.9 -do-
13 Sn124 t 0.17 0.20 1.1 -do-
H Cal SS 4 17.5 29.0 1.6 -do-
15 X el85 2 2.94 2 . 7 0.9 AECU-2040 (1955) 
Deutsch (1956) 
16 SmUD 4 31420 50000 1.6 AECU-2040 (1955) 
17 Gd167 3 256964 160000 0.6 -do 
18 Tml69 1 86 118 1.3 -do-
19 LUl76 15/2 236] 4000 1.7 -do-
20 Hfl 78 t 71.1 75 1.0 -do-
21 TalSI 4 13.7 21.3 1.5 Wood (1956) 
22 Wl82 t 9.1 19 2. 1 AECU- 2040 (1955) 
23 RelS 5 3 74.5 100 1.3 -do-
24 Wl86 t 45.4 34 0.7 -do-
25 Re1S7 3 39.4 63 1.6 Segre (1953) 
AECU- 2040 (1955) 
26 Ir19S gn=0 .4XlO-sev 140.9 130 0.9 Segre (1953) 
27 AUlO7 2 89.5 98 1.] AECU-2040 (1955) 
S.N. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
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Isotope 
1127 
Tb159 
Hf177 
C059 
Ni62 
M097 
AgI07 
Sn112 
In1la 
Sn l20 
Eut53 
HOl6S 
Ybl6S 
Hfl74 
HfH9 
Hf180 
Wl83 
TABLE II 
J value of uo in barns 
compound 
nucleus calculated lexperi-
mental 
3 0.19+0.89 6.7 
+1.10=2.18 
2 4.9+5.1+ 44 
0.2=10.2 
214+83+5 380 
=302 
4 16.4 37 
! 1.33 15 
3 0.3 2.1 
1 2.6 30 
t 0.42 1.3 
5 4.3 58 
t 0.005 0.14 
3 1233 420 
4 21.8 64 
! 3768 11000 
t 2.35 1500 
1 10 65 
! 0.25 13 
1 2.3 11 
Ir191 gl-;=0.2 267 
X 10-3 ev 
960 
Hgl99 1 8.8 2500 
Ratio 
R 
3.0 
4.3 
1.2 
2.2 
11.2 
7.0 
11.4 
3.0 
13.6 
26.4 
0.34 
2.9 
2.9 
638 
6.5 
52 
4.7 
3.5 
284 
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ting 0'0 (theoretical) for 0059, r'Y is taken to be O.3ev as given by Segre (1953). 
This value of r!, could be in error. In the case of Mil 55 also r r is O.2ev according 
to Segre (1953), but from the recent measurements made by Bollinger and Dahlberg 
(1955), r, = O.6ev. As 0059 and Mn55 are very near to each other in atomic 
weights, and r, changes only slowly with atomic weight as pointed out by Levin 
and Hughes (1955), r'Y for 0059 may be taken to be ~ O.6ev. This gives t.he 
ratio R nearly equal to 1. As all the resonances in H 0 165 and Hfl ?9 are claimed 
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to be known by Harvey et al. (1955), the discrepancies between the experimental 
and theoretical value of (To cannot be accounted for by the known positive energy 
resonances. These again may be the cases where the negative energy resonances 
play some part. The rest of the cases involve so many uncertainties in the 
various measurements that it is very difficult to assign any particular reason for 
the discrepancies. In the cafle of isotopes of Sn and Hf, the po~sibility of 
some of the unresolved resonances is quite strong. In the case of rare earths 
small impurities can make great contributions in the cross-sections which could 
be the cause of error in some cases. Figure 1. gives the value of the ratio R 
for various atomic weights. The cases of discrepancy are self-evident. 
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ABSTRACT. The various errors involved in measuring the activation cross·sections 
for thermal neutrons are discussed. Error due to 'Self·protection', is specially considered 
and a semi·empirical relation is given for its correction. Thermal neutron activation cross-
sections for InllO , AgI07 and AgI09 are measured taking into account these corrections. 
Design of a sigmB, pi1" is given. 
INTRODUCTION 
It is intended to measure thermal neutron activation cross-section for certain 
cases. Before embraking on the actual programme, the desirability of making 
measurements for standard substances is self-evident, so that the standard proce-
dure for measurement and obtaining the minimum errors is established. 
Quite comprehensive measurements of these cross-sections have been reported 
hy Rasetti (1940); O'Neal and Goldhaber (1941); and then by Seren et al, (1947) . 
Generally, they quote their errors up to about ±20%. We have measured O'(n, y) 
for Inns, AgI07, and AgI09 taking O'(n, y) for Mnss as standard, employing nearly 
the same method, but taking into account the various possible errors involved 
as carefully as possible. The effect of self-protection has been studied in detail 
and a semi-empirical relation has been found. 
METHOD OF MEASUREMENT 
E 'd tl th d" . t dN f . d' t d b t t t' VI en y, e IsmtegratlOn ra e dt rom an lfra la e su s ance a 11ne 
t2 after irradiation is given by the well-known equation (Hughes, 1953). 
where 
( ddN ) = nv . (J'act. N. (l_e- xt1 )e -xt2 
t t2 
nv = flux of the neutrons at the place of irradiation. 
(J'art = activation cross-section for the substance under study. 
N = total number of nuclei in the irradiated substance. 
;\, = decay constant. 
and tl = time of irradiation. 
Also 
dN C 
dt = G€ 
(1) 
(2) 
where C is the counting rate as found experimentally; G is the over-all efficiency 
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factor for the geometry used, and € is the ratio of the radiations passing into the 
counter over the number of radiations emitted by the substance, which were 
heading towards the detector. 
Isotopes studied are all ,B-emitters. So a ,B-counter was used as a detector. 
Indium, silver and manganese were available in spectrographically pure form 
(99.99% from Johnson Matthey and Co, London, (U.K.). While the indium 
foils were directly irradiated, silver and manganese powder was first sand witched 
uniformly between two thin cellotapes on a well-defined area and then irradiated. 
It was ascertained that the cellotape itself did not develop any activity. The 
foils used had approximately half the area of the window of the ,B-counter, and 
were placed right at the centre of the window. This kept G constant. € is 
apparently given by e-Il-rt,d, where #m is the mass absorption co-efficient in cm2jgm, 
and d is the effective thickness in gms jcm2, which a ,h'-particle has to traverse 
before entering the counter. The value of d was taken equal to the window 
thickness plus half the foil thickness. #111 was measured as a function of the energy 
with the help of ,B-emitters of known strength and energy i.e. C0 60, T120\ Bi2lO, 
and Pa234 available from Baird-Atomic Instrument Co , U.S.A. The curve for 
flrn versus the end energy of fJ-particles got in this 'Nay was exactly the same as 
given by Hughes (1953). The thickness of the window of the fJ-counter was 
measured in the same way as done by Seren et al. (1917) by making use of two 
,B-sources of known strength. The measurement of the thickness of the foil 
involved actnal \\'eighing by an analytical balance which was sensitive up to 
0.1 mgm . 
Because in SOllle of these cases , the activity produced emits more than one 
Ii-particle, different values of Pm for each energy of ;1-particle were used, taking 
into account the proper branching ratio of the ;1-particles. As for example, In116?n 
emits three Ii-particles of energy 1 Mev (51 %) with I'm = 19 cm2/gm , 0.87 Mev 
(:28%) with 11m = :23 cm2jgm and 0.60 Mev (21 %) with 11m = 39 cm 2jgm. The 
I I 
Fig. 1. DatailR of the Sigma Pile. S is the (Ra-Be) source; P is the paraffiin 
sphere; F is the pocket for irradiation of foils; G1 is the solid graphite block 
G 2 is graphite powder; R is the removable upper graphite block and ,V is 
the wooden box. 
632 M. L. Sehgal 
percentage ratio of the ,B-particles is taken as given hy Slatis, Toit and Siegbahn 
(1950) . € in this ease was taken to be Ij100[51e-19d+28e-23(/,+21e-39(!]. Seren et al. 
(1947) have used only a single value of Pm in such cases, which is not justified. 
For irradiating the foils, the arrangement used is shown in figure I. A 100 
milligram Ra-Be source is kept at the centre of a paraffin sphere of 6.5 ems in 
radius which is further kept at the centre of a cubical graphite block with each 
side equal to 62.5 cms. The results of Amaldi et al. (1935), and Fink (1936) were 
used ill getting the dimensions of the above pile. A pocket of size 10.5 cm X 
6.5 cm X 3.0 cm, as shown in figure 1, was built in the pile at a distance of 11.5 
cm from Ra-Be source to facilitate irradiation of the foils and to keep the place 
of irradiation exactly the same in all the cases. It is well-known that such a 
pile contains a certain fraction of resonance neutrons besides the thermal 
neutrons. To avoid the effect of the resonance neutrons usual cadmium ratio 
method was employed. By a preliminary experiment with manganese it was 
estimated that the resonallce neutron flux at the pocket was about 7% of the 
thermal neutron flux. 
DISCUSSION OF ERRORS 
The errors involyed in (Tact " 'ill be due to the errors in the various quantities 
given in Eqs. (1) and (2). Errors in the counting rate C due to fluctuation in the 
electronic instruments, and counter efficiency changes werc estimated to be 1 ~o· 
It was felt jnstificable to take into account no error clue to changes in the surround-
ing conditions as they were kept the same throughout the experiment. Half-
life, which enters in the equation through the term e --~I::, was actually measured 
with an estimated accuracy of allout 5%, introducing an error of less than 1 
per cent in e -"At2 • The saturation factor (l _e~vl) was always nearly unity within 
less than 0.05%, introducing little error in the final result. The value of the mass 
absorption co-efficients for f1-particles and of d are estimated to be correct up to 4% 
to give us an error of about 1 % in e -P",d. Error, if any, introduced due to the 
counting of "I-rays, should not exceed 1 %, because the f1-counter used had a 
sensitivity to "I-rays of less than 1 %. The error in the determination of the value 
of N is expected to he less than 1 %, because the 'weighing could he done with an 
accuracy of 0.1 mgm in 40 mgms. The position for irradiation was fixed in the 
pocket to less than a millimetre and hence no error is expected due to any change 
in the position of irradiation. 
Though cadmium ratio method takes care of most of the effect of resonance 
neutrons. yet a further correction is needed to take into account the fact that 
cadmium absorbs a small percentage of resonance neutrons also. This correction 
has been studied by Rush (1948), Klllstadter (1950) anfl Tittle (1951) in detail. 
This correction amounts to about 4%, and when taken into account should leave 
back only a small error. 
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When a foil of appreciable absorption cross-section is introduced in a diffusing 
medium, it will introduce a general depression in the neutron density around 
the foil. A theory for depression has been put forward by Bothe (1943) and veri-
fied by Tittle (1951) and Klema and Ritchie (1952). But apart from the above 
effect one should also take into account the effect due to self-protection. This 
effect is there, because when a foil is exposed to neutrons the nuclei at the surface 
will be in a higher flux as compared with those in the centre of the foil. Marshak 
(1947) , and Plumber and Lewis (1955) have studied this effect for a sphere having 
dimensions small compared to the mean free path of neutrons in the diffusing 
medium, which is not applicable to our case. To study the above effect we irra-
diated a stack containing an odd number of indium foils at the usual place of ir-
radiation in the pile, and the 53 minutes saturation activity of the central foil 
was studied as a function of the thickness of the stack. In figure 2, curve C 
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Fig. 2. Points represent the saturation disintergration rate of the central foil of the 
stack as a function of the total thickness of the stack in mgmsjcm 2 • 
shows the relation between the saturation disintegration rate and the total 
thickness of the stack in mgm/cm 2 . In the same figure curve A shows the 
effert due to depression. The latter curve is drawn from Bothe's theory as 
given by Tittle (1951) and is normalised at a thickness of 289.2 mgms/cm2 of the 
stack. Normally curve C contains both the depression and the self-protection 
effects. Therefore, the (lifference-curve B should give olll~- the self-protection 
effect. But as is clear from the figure 2, both curves Band C fall with in the 
statistical fluctuation of the experimental points. These readings were also re-
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pea ted for sihTer foils with th13 same area. From these two sets of readings 
the curve B seemed to obey a semi-empirical relation. 
Disintegration rate of the foil for thickness x 
Disintegration rate of the foil for zero thickness = l-](uaN 
where N is the total number of nuclei per cm2 of the foil of thickness x, U a is 
the absorption cross-section for thermal neutrons and K is a constant having the 
value 0.47 ± 0.03. The correction due to this effect for indium is about 5%. 
When taken into account, this should introduce little error in the value of the 
activation cross-section. 
The errors discussed in the last two paragraphs are calculable and in the 
measurement of (T(n, y) for most of the case, as reported in the literature, they 
have not been applied. The application of these errors, and also the use of dif-
ferent values of P1II for various ,8-particles in a radioactive isotope, are expected 
to give us somewhat better results. 
The above procedure gave the thermal neutron activation cross-section 
for In115 as 134.7 ± 10 barns. The half-life of In116111 measured is 53.3 minutes. 
For AgIO? and Ag109 the values of (Tact measured are 45.7 ::+- 4.5 h '11·]1 rl 113.5 
± 13 barns respectively. The half-lives measured for AgLOH and AgllO are 2.2 
minutes and 21.2 seconds respectively. 
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BRANCHING RATIO FOR SLOW NEUTRONS 
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ABSTRACT. A. study of slow neutron I'('o('(ion with Blu has be(,11 m'ldo with BFa 
pl'Oportionol counters. TIl(' 1'8 Inti\'(' pl'obAbility of th(, I'('oct,ions Blo (/I, a) Li7 and B'O 
(n, a) Li·7 is determined by ('ove l'ing the count~r with And without ('odmium ('ill'. 
A study of the reaction of slo\\' neutrons \\'ith boron is most important 
in neutron shields. As reportefl by Ajr.enbel'g and Lauritsen (H)!52). the 
first level of Lj1 is at O.47R Mev fmm its ground level. B¢ggj]rl (1~45) fonnd that 
the value of the relative probahility of t.he two reactions BIO (11 , a) Li1 amI 
BIO(n, a) Li·7 is 6.25 per cent. Hanna (1950) has reported the value of the 
branching ratio, that is the probability of t,he reaction going to the ground 
state a" 5.8 per cent. Cuel' and Lonchamp (1951) from tlw observation of more 
t,han thirt~T thousands tracks in nuclear plat,es have reporteel the value of the bran. 
ching ratio as 4.27 per cent,. Rhorlefi. Franzen and Stephens (HI52) from the stnrly 
of the ionization produced by the recoil particles of transmutation BIO(n, a) Li.' 
have found the value of the hranching ratio af! 6.3 pel' cent. Owing to t,he 
difference in value of the branching ratio repol'ted for slow nentl'OJ1s itA ;:;t.lld~1 
was thought wOl'th while. 
Special attention should be paid to thc cOllstrll cl;jon of BP:l proport,ional 
counters to study the reaction BIO(n, a) LF, 1.i*7. The connters employed in t.hi.,; 
study have internal copper cathode of 1.35 inehef! in diameter with t.llugsten wirE' 
anode of 0.003 inch diametel'. After roast.ing the counteJ's at 250°C foJ' two 
hours and removing the impurities from normal boron trifluoJ'ide gas (lR.R% BIO, 
Rf.2°/.) Bll) by fractional distillation, the counters ,,,ere fillerl at different pressures 
of RF~ and argon (Apectroscopically pure). A large pressure of BF~ is desirable 
for high counting rate, but it is found ill the present case that. the pulse height 
resolution decreases as the pressure of BF3 increases. The half-width of the peak 
due to BIO(n, a) Li*7 reaction for conntel'S filled with a pressure of 14.1 em of Hg 
of BF3 gas plus 5.4: cm of Hg of argon, and 35.6 cm of Hg of BF3 gas plus 16.6 
em of Hg of argon are 68.2 Kev and 254 Kev respectively. Also it is observed 
that the plateau length increases as the pressure of BF3 gas is decreased. The 
spread in pulse height distribution curve may be due to several reasons. When 
no impurities, like silicon tetrafluoride, hydrogen fluoride, etc, are present. in BF3 
gas, that is when no electron capture aml negative ion format.ion takes place, the 
pulse size should be independent of the distance of the track of a.particle for· 
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mation from the centml wire. Tn practire it is difficult to I'emove completely all 
t,he impurities from 13F ~ gas, hence there will he some inherent spread in pulse 
height distribution cUl've which is due to slight impurities present. The end effects , 
eccentricity of the anode wire, and the presence of some dllst part,ic1es sticking 
on the central wire will fl,U increase the spread in t.he pulse size distrihution cnrve. 
The last effect was removed hy flashing the central wire hefo1'e filling. 
The geometrical arran€!ement of the neutrOl! source and the connter used in 
the experiment are as follows. f;low nrutrons Wfwe obta,ined from (Ra-Be) source 
placeel inside a howitzer. A cylindrical lead piece of 5,08 cm in thickness and 6,34-
cm in cliamet.er is placecl in the path of the nentrons inside the howit?:er to keep 
the gamma ray flux minimum. A cylinderical paraffin hlork of diameter 6.32 
em and length 5 cm which acts as a moderator for fast neutrons is placed just after 
the lead block. The counter was placed ill a cad.mium tubin,l! with axis paTallel 
to the bellm. 
.. .. 
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I'Jg. J. l'ulse ·height distribution for slow neutIon diRintegration of bOI'on. when the front 
face of the eount·fl[" WitS covererl with e, cA.rlmium ca.p. 
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The differential pulse height, dist,l'ibut.ion eurve for counter filled with a pres-
sure of 14.1 cm of Hg of BFa, gas ann 5.4 cm of Hg of argon is shown in figure 1. 
The two peaks arise from transitions to the excited state and the ground state 
of the lit,hium nucleus. According to Cranshaw and Harvey (1948) the position 
of a peak is fixed by drawing the central line of the distribution. The Q value 
of the reaction leading to the excited and ground state is 2.31 Mev and 2.79 Mev 
respectively. The branching ratio is found equal to 4.0±O.15 per cent. When 
the front face of the count.er, which points towards the beam, is covered with a 
cadmium cap the branehing ratio increases to 4.3±O.15 per cent. Knowing the total 
cross section for BIO(n, a) rea,ction and with the help of the branching ratio for the 
same energy neutrons, the cross sections for the individual reactions RIO(n,a) Li*7 
}tnd BlO(n, a) LF respectively can be determined . 
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